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Abstract 
 
        Metal casting enables the production of simple and complex parts that meet a 
wide variety of needs .Nearly all manufactured goods contain one or more cast 
components.  Major end-uses include power generation equipment, defense systems 
and machinery, motor vehicles, transportation equipment, oil field machinery, 
pipelines, industrial machinery, construction materials, and other products vital to 
our economic and national security. 
        The scope of the study is mainly made to cover the following areas:- 
I – Investigate the availability of materials in the Sudan for moulds construction for 
different metal casting processes as well as for producing parts by casting .The 
research showed that Sudan contains good quantities of scrap of various metal 
alloys beside natural resources of natural metals like iron and copper. 
II – Investigate the situation of metal casting Industry in the Sudan and the 
techniques adopted to the current activities .The survey work made on this area 
showed that the quality of the products is very poor because the industry of metal 
casting is lacking the following requirements:- 
i – Adoption of Scientific techniques . 
ii – Skilled labour   . 
iii – Specialized engineers . 
iv – Proper equipment and tools . 
Due to the above reasons metal casting does not play any role in the plan of 
the development of Sudan. The adoption of the correct techniques will make the 
industry able to reduce its cost of production to become competitive with other 
manufacturing methods. Also energy content can be reduced by improving product 
quality-thereby reducing scrap and melting requirements.  
III – The research exerted great emphasis to put the foundry equipment of the 
Faculty of Engineering and Architecture (U of K) in good operational conditions to 
realize the three metal casting processes, sand casting, die casting and centrifugal 
casting can be performed. 
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CHAPTER ONE 
INTRODUCTION 
 
1.1 Historical background  
The benefits of civilization, which we enjoy today, are essentially due to 
the improved quality of products available to us. The improvement in the quality of 
the goods can be achieved with proper design that takes into consideration the 
functional requirement as well as its manufacturing aspects. This would ensure a 
better product being made available at an economical cost. 
Casting is considered as one of the earliest shaping methods known to 
human kind since (3500 B.C.) where copper tools and other flat objects are made 
in open moulds made of stone or  baked clay. Early moulds were made of a single 
piece but in later periods the moulds were splited into two or more parts when 
round objects were required to be made . 
During Bronze Age (2000 B.C.), cores for making hollow sockets in the 
objects were invented for the first time .These cores were made of baked clay. 
Around (1500 B.C.) casting technology especially multi-piece moulds were 
greatly improved by the Chinese .They made piece moulds containing carefully 
fitted multi-pieces numbering thirty or more. [1] 
1.2 Metal casting present situation in the Sudan 
The present research exerted great emphasis on studying the on-going 
metal casting works in the Sudan.  For good assessment of the current activities in 
this field, the following aspects were determined:- 
i. Type of metal casting processes used for producing castings. 
ii. Type of furnaces used for melting alloy metals. 
iii. Techniques currently used compared to the correct techniques 
which are recommended to be adopted in order to produce 
defect free castings. 
For obtaining real results, which will assist in reflecting the actual situation 
of metal casting industry in the Sudan, a survey programme was conducted. The 
programme was in the manner of visiting the most prominent national 
organizations in this domain. These organizations are as stated hereunder:- 
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a. Yarmok Industrial Complex. 
b. River Transport Corporation (R T C). 
c. Sudan Mint. 
d. Khartoum Central Foundry. 
A survey in a form of a questionnaire was made to study and investigate the 
most prominent organizations in the field of metal casting. 
These organizations as mentioned earlier were selected, because they have 
big foundries, which can give the exact situation of this industry in the Sudan. The 
other foundries are of small size. 
The survey results obtained are shown in table 1.1.The study observed that 
in the Sudan the metal casting industry requires a lot of technical assistance, which 
can be expressed as follows:- 
i- The adoption of the correct scientific techniques. 
ii- The services of skilled labours who have the knowledge and awareness 
of this industry. 
iii- Encouragement for using other metal casting processes in addition to 
sand casting process, like centrifugal and die-casting processes. The 
survey showed, there are very limited trials in investment casting at 
Yarmok Industrial Complex beside sand casting. Therefore this current 
study was further extended to focus on the die-casting and centrifugal 
casting processes. 
1.3 Importance of metal casting 
From space flight to surgical implants to heavy equipment, there are many 
critical ingredients in other national manufacturing process; pour liquid metal in 
complex near-net shapes can at times be effective solution to product design. The 
use of metal casting technology represents an under-exploited competitive cost 
advantage to manufacturers. Liquid metal manufacturing offers lower cost parts in 
connection of their ability to cost of complex configurations in near achieved 
forms that in some cases are unattainable by other manufacturing processes. Metal 
casting had played a critical role in the development and advancement of human 
cultures and civilization since ancient times. After 5000 years of technological 
advances [2], metal casting is now playing a greater part in our everyday lives and 
is more essential than it has ever been.  
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The future of Sudan, as a developing country, for the coming years is 
expected to be much depending on different manufacturing processes that may 
affect directly the economy. Metal casting is one of these manufacturing processes, 
which is now very primitive in Sudan. Production is only found in small scales. 
Finished products are suffering from poor quality and great amount of money are 
lost in trial and error processes, currently used, which are essential for getting 
better results of production. Therefore, metal casting processes in Sudan are in 
need for a lot of research work and studies for finding out ways for innovating new 
methods of casting, better designing of mould, highlighting essential casting 
techniques and finding out ways for training skilled labour in order to get finished 
products with the desired quality.  
Gating system design in sand moulding is one of the crucial aspects that are 
to be taken into consideration for better finishing of products and for keeping 
quality within limits.  
Gating system design refers to the proper design of all elements, which are 
linked, with the flow of molten metal to the mould cavity; however, crucial design 
of gating system is required to improve product quality as well as saving time of 
production and nonconforming products. 
1.4 Overview of casting technology 
Metal casting as production   processes, is usually carried out in foundries. 
A foundry is a factory which is equipped for making moulds, melting metals, 
performing casting processes, and finishing achieved castings. 
Discussion of casting logically begins with the mould. The mould contains 
a cavity whose geometry determines the shape of the cast part. The actual size and 
shape of cavity must be designed slightly oversized to allow for shrinkage that 
occurs in the metal during solidification and cooling. Different metals undergo 
different amounts of shrinkage, so the mould cavity must be designed for the 
particular metal to be cast if dimensional accuracy is critical. Moulds are made of a 
variety of materials, including sand, plaster, ceramic, and metals. The various 
casting processes are often classified according to these different types of moulds. 
 
To accomplish a casting operation, the metal is first heated to a 
temperature high enough to completely transform it into a liquid state. It is then 
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poured or otherwise directed into the cavity of the mould. In an open mould the 
liquid metal is simply poured until it fills the open cavity. In a closed mould a 
passageway, called the gating system, is provided to permit the molten metal to 
flow from outside the mould into the cavity. The closed mould is by far more 
important form in production casting operations [3]. 
As soon as the molten metal is in the mould, it begins to cool. When the 
temperature drops sufficiently (for example, to the freezing point for a pure metal) 
solidification begins. Solidification involves a change of phase of the metal. Time 
is required to complete the phase change; a considerable heat is given up in the 
process. It is during this process that the metal assumes the solid shape of the 
mould cavity and many of the properties and characteristics of the casting are 
established. 
Once the casting has cooled, it is removed from the mould. Depending on 
the casting method and metal used, further processing of the casting may be 
required. this may include trimming the excess metal from the actual cast part, 
cleaning the surface, inspecting the product, and heat treatment to enhance 
properties in addition, machining may be required to achieve closer tolerances on 
certain parts feathers and to remove the cast surface and its associated 
metallurgical micro structure. Casting processes are divided into two broad 
categories, according to type of mould use: [4, 5] 
1. Expendable mould casting processes  
2. Permanent mould casting processes. 
An expendable mould in casting means that the mould in which the molten 
metal solidifies must be destroyed in order to remove casting. These moulds are 
made out of sand, plaster, and similar materials, whose form is maintained by 
using binders of various kinds. Sand casting is the most prominent example of the 
expendable mould processes. In sand casting, the liquid metal is poured into a 
mould made of sand. After the metal cools and becomes solid, the mould must be 
sacrificed in order to recover the casting. A permanent mould is one that can be 
used many times to produce many castings. It is made of metal (or, less commonly, 
a ceramic refractory materials) that can withstand the high temperature of the 
casting operation. In permanent mould casting, the mould consists of two (or more) 
parts that can be opened to permit removal of the finished parts. Die casting is the 
most known process in this group. More intricate casting geometries are generally 
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possible with the expandable mould processes. Part shapes in the permanent mould 
processes are limited by the need to open the mould. On the other hand, some 
permanent mould processes have certain economic advantages in high-production 
operations.  
In this research sand casting, die-casting and centrifugal casting processes 
are dealt with from the experimental side of view. Chapter two covers literature 
review of metal casting with its various processes. Theory, techniques and design 
of metal casting mould and other related activities are presented in chapter three, in 
which mould components are also described and analyzed. Chapter four explains 
the setup of the foundry where the experimental works were executed. Also this 
chapter explains how each machine of the foundry was installed, operated and 
maintained. Chapter five shows the experimental works done, and the results 
obtained. Also this chapter includes discussion on results obtained. Chapter six 
presents conclusion and recommendations for further research works, which can be 
carried out, using the same foundry.  
1.5 Objectives of the research 
The objectives of the study are to provide designs of gating systems in 
casting moulds for the different processes. Also to investigate other factors related 
to this industry like moulding materials, metal alloys, melting techniques and 
pouring techniques. The research aiming to improve the quality of finished 
products, and to reduce time lost in the design and the selection of moulds 
materials which as a result will lead to the following objectives :- 
- To evaluate and investigate the industry of metal casting in the Sudan. 
- To investigate the possibility of manufacturing many parts and 
equipment locally, by introducing new casting techniques. 
- To utilize locally available materials and scrap. 
- To save hard currency and time by not importing those items that can be 
produced locally. 
- To advise and give technical solutions for some manufacturing problems.   
Name of organization Sudan mint R.T.C. Khartoum central foundry 
Year of establishment - - 1971 
Type of organization (public or private) Public Public Public 
Number of employees who work for the 
organization 
64 - 90 
Capacity of casting per year of each metal alloy:       
a-       Iron or steel base alloys 10 Tons - 750 Ton 
b-      Copper base alloys 50 Tons 1.5 Ton 50 Ton 
c-       Aluminum base alloys 25 Tons 0.24 Ton 10 Ton 
d-      Magnesium alloys. - - - 
e-       Zinc alloys. - - - 
f-        Nickel alloys. - - - 
g-      Others (specify) - - - 
What type of Fuel the organization uses for 
melting metals: 
Oil & Electricity Oil & electricity Electricity 
Crucible furnaces. 
Tilting  type 
Electric furnace 
Determine the types of furnaces the foundry is 
equipped with for melting metals:- 
High frequency induction furnace 
Crucible furnaces 
Electric furnace & medium 
frequency induction furnace 
Specify the types of fluxes the organization uses 
in casting: 
- Sodium carbonate. Limestone 
* Acid Refractory: 
Aluminum silica 
* Basic Refractory: 
* Acid Refractory Aluminum silica 
Magnesia 
* Natural Refractory: 
Determine the refractory materials the foundry 
uses in furnaces lining and mould making: 
Chromite &Graphite. 
* Natural Refractory b (Graphite). 
Acid refractory (Silica) 
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What materials used for making patterns: Wood – Metal Wood. Wood & metal 
Determine types of wood used for making 
patterns: 
White pine White pine White pine 
Determine types of metals used for making 
patterns: 
Aluminum and Aluminum alloys. - Aluminum and Aluminum alloys 
Specify materials used for making plaster 
patterns: 
- - - 
One piece pattern. 
Split pattern. 
What types of patterns   the foundry commonly 
uses: 
One piece pattern & Split pattern. Used more than piece (2, 3...). 
Loose piece pattern. 
Mention the types of mould commonly the 
foundry uses: 
Permanent moulds. & Temporary 
moulds. 
Permanent moulds. Temporary moulds. 
Specify materials for making permanent moulds: Steel & Aluminum - - 
Specify materials for making temporary refractory 
moulds: 
Silica sand. Silica sand. & Graphite/Carbon. Silica sand & graphite/carbon 
Specify the sources of moulding sand the 
foundry commonly uses: 
River beds & Desert. River beds. River beds & Desert 
Determine types of sand commonly used for 
making moulds: 
Natural sands. Natural sands Natural sands 
Specify the  ingredients of moulding sands: 
Refractory sand grains, Binders, 
Water & Additives. 
Refractory sand grains (sand without 
impurities). 
Binders, water & additives 
Organic binders (Lin seed oil and 
marine animal oil). 
Organic binders (Arabic gum). 
In organic Binders (bentonite). 
 
 
 
Determine the types of binders commonly used in 
the foundry practice for making sand moulds 
 
 
 
 
(Portland cement). 
In organic Binders (bentonite). 
Inorganic binders (bentonite) 
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Moisture content . Moisture content  
Clay content . Clay content. 
Grain fineness . Grain fineness. 
Permeability . Permeability. 
Strength . Strength. 
Hot strength.   
Refractoriness .   
Mention the various sand control tests the 
organization usually performs on Moulding sands 
& Core sands.: 
Mould hardness. 
using without control test. 
  
Determine the applications for which the foundry 
commonly uses cores: 
Hollow castings. Hollow castings. 
Hollow castings. & Deep recess 
in the castings. & To form 
gating system of large size 
moulds. 
Green sand mould 
Green Sand mould. & 
Dry sand mould 
Core sand mould 
Mention the types of moulds the organization 
usually utilizes: 
Green Sand mould. 
Graphite mould. 
Sodium silicate – CO2 mould 
Pouring cups and basins. Pouring cups and basins. 
Sprue. 
Gates. 
Sprue. 
Runner. Runner. 
Gates. Gates. 
Determine the components of the gating system 
usually used by 
Risers. 
Risers. 
Risers. 
 
 
Mention types of gates usually used by the 
organization: 
Top gate – Bottom Gate – Parting line 
– Side gate. 
Top gate. 
Top gate – Bottom Gate – 
Parting line – Side gate. 
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Initial cost of the furnace. Initial cost of the furnace. 
Fuel costs. Fuel costs. 
Kind of metal or alloy to be 
melted. Kind of metal or alloy to be melted. 
Melting and pouring 
temperature of the metal to be 
cast. Melting and pouring temperature of 
the metal to be cast. 
Quantity of metal to be melted. 
Method of pouring desired. 
Quantity of metal to be melted. Cost of furnace repair and 
maintenance. 
Cost of melting per unit weight 
of the metal. 
 
* State the factors that control the selection of a 
foundry furnace? 
Quality of the finished product 
required. 
Quantity of metal to be melted. 
Quality of the finished product 
required. 
Cupola - rotary furnace (for grey cast 
iron). 
Cupola, rotary furnace & 
induction furnace for gray cast 
iron. 
Electric high frequency induction 
furnace (for Melting Steel). 
Open hearth furnace, arc 
furnace, high frequency 
induction furnace & converter 
for steel. 
Determine furnaces for melting:- 
Crucible furnaces (AL, CU) Tilting 
type & Electric resistance type (cu) 
(For non-ferrous metals). 
Crucible furnaces (AL, CU) with all its 
type for non-ferrous metals. 
Crucible furnace (pit type & 
tilting type) & electric resistance 
type for non ferrous metals 
* Specify melting losses in foundry alloys:       
Cast iron 1-2% - 4% 
Gun metal 1-3% - 4-2% 
Aluminum alloys 1% 2% 4% 
Copper alloys 2-3% 3-4% 3-4% 
1
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Oxidation – deoxidation. Degassing – desulphurization. * Before pouring molten metal into the mould 
cavity what kind of refining process to be 
performed? 
Degassing – desulphurization. 
- 
Inoculation (adding c, Al). 
Thermocouple pyrometer. Thermocouple pyrometer. * Determine devices or instruments for  
measuring temperature of melts: Radiation pyrometer. 
use wire instrument measuring Temp. 
but always by experience.   
Pouring ladles. Pouring ladles. 
Mention the pouring equipment: 
cranes 
hand wheels Ladle handles (shanks), trolley 
(mono) rails, cranes, tilting 
levers. 
Molten metal to be tapped into a 
holding ladle and distributed to 
smaller ladles for pouring the metal 
into the moulds. 
Molten metal to be tapped into a 
holding ladle and distributed to 
smaller ladles for pouring the 
metal into the moulds. 
Ladles shall not be cold or moist. To 
avoid serious explosions.  Ladle shall 
be heated to 1000cº before Pouring 
metal into it. 
Ladles shall not be cold or 
moist.To avoid serious 
explosions.Ladle shall be 
heated to 1000cº before 
Pouring metal into it. 
State precautions  and procedure to be followed for pouring 
molten metal into moulds: 
Unpreheated ladles also cause the 
absorption of hydrogen by the molten 
metal (especially non-ferrous alloys). 
It should be checked earlier that the 
metal temperature is sufficiently high 
for pouring liquid metal easily and 
rapidly. 
Slag and other impurities which 
collect on the molten metal 
should be removed or avoided 
from entering the mould.  This is 
achieved either by skimming off 
the slag, by using a teapot or 
bottom pour ladle. 
1
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Slag and other impurities which 
collect on the molten metal should be 
removed or avoided from entering the 
mould.  This is achieved either by 
skimming off the slag, by using a 
teapot or bottom pour ladle. 
During pouring, uninterrupted 
flow of metal should be 
maintained to avoid cold shuts 
and to prevent dross or slag 
from going into the mould. 
During pouring, uninterrupted flow of 
metal should be maintained to avoid 
cold shuts and to prevent dross or 
slag from going into the mould. 
It should be checked earlier that 
the metal temperature is 
sufficiently high for pouring 
liquid metal easily and rapidly. 
It should be checked earlier that the 
metal temperature is sufficiently high 
for pouring liquid metal easily and 
rapidly. 
Iron or steel ladles should be 
used for handling magnesium 
because the hot molten (Mg) 
metal reduces refractory oxides 
of conventional ladles. 
  Aluminum should not be poured 
with teapot ladle. (it leaves a 
skin of metal on the pouring 
spout). 
 
State precautions  and procedure to be followed for pouring 
molten metal into moulds: 
  Molten steel should not be 
poured with lip pour ladle 
because the slag is too viscous 
to control easily. 
1
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* Specify shake out procedure. 
Break the sand around the casting. & 
Castings can be separated from sand 
by mechanical shaker (Vibrating 
platform). 
Break the sand around the casting. & 
Castings can be separated from sand 
by mechanical shaker (Vibrating 
platform). 
Break the sand around the 
casting. & Castings can be 
separated from sand by 
mechanical shaker (Vibrating 
platform). 
Removal of cores from the casting. 
Removal of cores from the 
casting. 
Removal of adhering sand and 
oxide scale from the casting 
surface. 
Removal of adhering sand and oxide 
scale from the casting surface. 
Removal of gates, risers, 
runners from the casting. 
Describe the fettling procedure: 
Removal of gates, risers, runners 
from the casting. 
Removal of gates, risers, runners from 
the casting. 
Removal of fins and other un 
wanted projections from the 
castings. 
* How do the foundarymen remove cores from 
castings? By:- 
Hammering & vibration. - Hammering & vibration 
Hand methods: (Wire brush). Hand methods: e (by lathe machine). 
Hand methods (wire brush & 
crowbar). 
State the method of cleaning the castings 
surfaces produced in the foundry. Mechanical equipment method (Air 
blasting). 
Mechanical equipment method: 
(wheelabrator system). 
Shot blasting using steel balls of 
3 mm dia. 
Chipping hammers. Chipping hammers. 
Shearing. Flogging (knocking off). 
Abrasive wheel slitting. Abrasive wheel slitting. 
Describe methods used for removal of gates and 
risers from the castings: 
Flame cutting. 
- 
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Chipping. Chipping. 
Grinding. Grinding. 
State the methods used for removal of fins and 
other unwanted projections from castings: 
Grinding. 
Rotary tools. Hammering 
Sprue, risers, runners, gates and 
vents are connected to the parting 
surface of one or both mould halves. 
Sprue, risers, runners, gates and vents 
are connected to the parting surface of 
one or both mould halves. 
Sprue, risers, runners, gates 
and vents are connected to the 
parting surface of one or both 
mould halves. 
Runner channels are inclined to 
minimize turbulence of the incoming 
metal. 
For better escape of the air present 
within the mould cavity vent channels 
are used. 
Runner channels are inclined to 
minimize turbulence of the 
incoming metal. 
Blind risers located above the 
sections are commonly considered . 
  
Runner should be at the 
thinnest section of the casting. 
For better escape of the air present 
within the mould cavity vent channels 
are used. 
  
Blind risers located above the 
sections are commonly 
considered. 
Gating system is always located as follows: 
    
For better escape of the air 
present within the mould cavity 
vent channels are used. 
1
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* Mould cavity coating: 
Material used in coating the mould 
cavity is Calcium carbonate 
suspended in sodium silicate binder & 
graphite roude. 
Calcium carbonate 
Graphite paints mixed with 
alcohol or water 
Protect mould surfaces from 
erosion. 
Protect mould surfaces from erosion. 
Exercises insulating effect and 
thus helps obtaining 
progressive and directional 
solidification. 
Lubricating coating help removal of 
castings and cores from the mould 
(Graphite water paint). 
Lubricating coating help 
removal of castings and cores 
from the mould (Graphite water 
paint). 
Determine reasons for using mould cavity 
coating: 
  
Exercises insulating effect and thus 
helps obtaining progressive and 
directional solidification. 
Better surface finish. 
What kind of chills materials and methods the 
foundarymen always use to promote directional 
solidification: 
Brass, Copper & Aluminum. Brass, Water passages & by air 
Cooling fins, mild steel & cast 
iron chills with grooved 
Determine the casting processes employed  in 
the foundry for producing casting products:-  
sand casting sand casting Sand casting 
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CHAPTER TWO 
LITERATURE  REVIEW 
2.1. Introduction to metal casting techniques 
To obtain defect free castings, advanced and proper techniques shall be adopted to the 
metal castings processes used. Techniques in general involve, best selection of mould 
material, mould design, pattern material and design, metal melting, metal pouring, casting 
removal, casting cleaning and casting finishing. This technique is adopted to all casting 
processes. Metal casting processes are divided into two categories according to the type of 
mould: 
1. Expendable mould process. 
2. Permanent mould process. 
2.2. Expendable mould processes 
In expendable mould casting operations, the mould must be sacrificed in order to 
remove the cast part. Since a new mould is required for each new casting, production rates 
in expendable mould processes are often limited by the time required to make the mould, 
rather than by the time to make the casting itself. However, for certain part geometries, 
sand moulds can be produced and castings made at rates of 400 parts per hour and higher. 
Expendable mould operations include the following processes:- 
a. Sand casting 
b. Shell moulding 
c. Vacuum moulding 
d. Expanded polystyrene 
e. Investment casting 
f. Plaster and ceramic mould casting 
 
2.2.1. Sand casting process 
Sand casting is by far the most widely used casting process, accounting for a 
significant majority of the total tonnage of castings. Nearly all casting alloys can be sand 
cast; indeed, it is one of the few processes that can be used for metals with high melting 
temperatures, such as Steels, Nickel, and Titanium. Its versatility permits the casting of 
parts ranging in size from small to very large and in production quantities from one to 
millions. [6, 9] 
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Sand casting refers to pouring of molten metal into a sand mould, allowing the 
metal to solidify, and then breaking up the mould to remove the casting. The casting must 
then be cleaned and inspected, and heat treatment is sometimes required to improve its 
metallurgical properties. The cavity in the sand mould is formed by packing sand around a 
pattern (an approximate duplicate of the part to be cast) and then removing the two halves 
of the pattern from the two sections of the mould. 
The mould also contains the gating and riser system. In addition, if the casting is to 
have internal surfaces (for example, hollow parts or parts with holes), a core must be 
included in the mould. Since the mould is sacrificed to remove the casting, a new sand 
mould must be made for each part that is produced. Sand casting is seen to include not only 
the casting operation itself, but also the fabrication of the pattern and the making of the 
mould. The sand casting processes include the following types or methods [7, 8, 9, 10]. 
 
2.2.1.1 Green sand 
Green Sand generally consists of silica sand and additives coated by rubbing the 
sand grains together with clay uniformly wetted with water. More stable and refractory 
sands have been developed such as fused silica, zircon, and mullet, which replace lower-
cost silica sand and have only 2% linear expansion at ferrous metal temperatures [1]. Also, 
relatively unstable water and clay bonds are being replaced with synthetic resins, which are 
much more stable at elevated temperatures.  
 
2.2.1.2 Dry sand 
Dry sand is almost identical to green sand except that the binder is usually 
improved by the addition of linseed oil or plastics in addition to the clay, and moulds are 
usually cured by baking at a low temperature, about [230ºC]. [9]. This gives a some what 
improved surface finish on the higher temperature metal. The disadvantage of dry sand is 
generally is that it is limited to smaller parts because of the bake out capacity. 
2.2.1.3 CO2 Sand 
In CO2 sand process, rammed moist sand is bonded together with sodium silicate, 
and is hardened on the pattern by blowing CO2 gas through the mould. This produces a 
more accurate mould than either green sand or dry sand and it avoids baking. It is also 
better able to withstand handling and high metal head pressures. It avoids baking. Its 
disadvantage is that the sodium silicate reacts with some metals at higher-temperature. 
Also, it is more expensive than the other sand methods and it is harder to shake out from 
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internal passages in the castings. In some cases, CO2 moulding has been used together with 
zircon sand to give superior finish and to make permanent moulds or patterns [ 9,11]. 
2.2.1.4 Cold set or chemically bonded sand   
Cold set moulding is similar to dry sand except that it utilizes a chemical bond that 
sets up without heat and eliminates baking and gassing operations. It sets up on the pattern 
and is therefore capable of holding better tolerances than the previously mentioned 
techniques. Castings require less machining but there is a problem with some metals since 
they are reactive to chemicals used in the sand [12, 13]. 
The literature review shows that sand casting offers one of the quickest ways to get 
a piece from the drawing board to production. There are few limitations on casting size or 
shape. High production rates can be achieved on small castings. The major advantage is 
extremely low cost, and few processing steps. But it is associated with some disadvantages 
which can be expressed that sand casting products surfaces are quite rough. Tolerances are 
poor, they may reach ±0.158 mm [6, 8] as a result of uncontrollable factors such as wood 
patterns expansion, and contraction; vibration of pattern during removal from the sand, 
mould dilation due to silicon expansion at elevated metal temperatures, burn-in of molten 
metal, and out gassing from moulding materials into the metal structure. 
2.2.2 Shell moulding process 
Shell moulding is a casting process in which the mould is thin shell (10 mm 
typical) [6, 12] made of sand held together by a thermosetting resin binder. This process 
[9] was developed in Germany during the early 1940s. As shown in figure 2.1. 
There are many advantages to the shell moulding process. The surface of the shell 
mould cavity is smoother than a conventional green sand mould, and this smoothness 
permits easier flow of molten metal during pouring and better surface finish on the final 
casting. Finishes of (2.5 µm) can be obtained. [1, 12]. 
Good dimensional accuracy is also achieved, with tolerances of (0.25 mm) possible 
on small – to medium-sized parts. The good finish and accuracy often preclude the need 
for further machining [14]. 
Collapsibility of the mould is generally sufficient to avoid tearing and cracking of 
the casting. Cores can easily be managed in shell moulding if required.  
Disadvantages of shell moulding include a more expensive metal pattern than the 
corresponding pattern of green sand moulding. This makes shell moulding difficult to 
justify for small quantities of parts. Shell moulding can be mechanized for mass production 
and is very economical for large quantities. It seems particularly suited to steel casting of 
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less than 9kg. Examples of parts made using shell moulding include gears, valve bodies, 
bushings, and camshafts. The steps of making shell mould are described in figure 2.2.  
 
 
1. A match-plate or cope-and-drag metal pattern is heated and placed over a box 
containing sand mixed with thermosetting resin. [9,14] 
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2. Box is inverted so that sand and resin fall onto the hot pattern, causing a layer of 
the mixture of partially cure on the surface to form a hard shell. 
3. Box is repositioned so that loose uncured particles drop away. 
4. Sand shell is heated in oven for several minutes to complete curing. 
5. Shell mould is stripped from the pattern. 
6. Two halves of the shell mould are assembled, supported by sand or metal shot in a 
box, and pouring is accomplished 
7. The finished casting with sprue removed mould. 
2.2.3 Vacuum moulding process 
Vacuum moulding, is also called V-process, and uses a sand mould held together 
by vacuum pressure rather than by a chemical binder. Accordingly, the term vacuum in this 
process refers to the making of the mould rather than the casting operation itself. It was 
developed in Japan around 1970 [3].  The steps of constructing a vacuum mould are shown 
in figure 2.3. 
Recovery of the sand is one of several advantages of vacuum moulding, since no 
binders are used. In addition, the sand does not require extensive mechanical 
reconditioning normally done when binders are used in the moulding sand. Since no water 
is mixed with the sand, moisture-related defects are absent from the product. 
Disadvantages of the V-process are that it is relatively slow and not readily adaptable to 
mechanization. 
 
1. Thin sheet of preheated plastic is drawn over a match-plate or cope-and-drag 
pattern by vacuum; the pattern has small vent holes to facilitate vacuum forming. 
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2. A specially designed flask is placed over the pattern plate and filled with sand, and 
a sprue and pouring cup are formed in sand. 
3. Another thin plastic sheet is placed over the flask, and vacuum is drawn which 
causes the sand grains to be held together forming a rigid mould. 
4. The vacuum on the pattern is released to permit pattern to be stripped from the 
mould. 
5. This mould is assembled with its matching half to form the cope and drag and with 
vacuum maintained on both halves, pouring is accomplished. 
The plastic sheet quickly burns away on contacting the molten metal. After 
solidification, nearly all the sand can be recovered for reuse. 
2.2.4 Expanded polystyrene process 
The expanded polystyrene casting process uses a mould of sand packed around a 
polystyrene foam pattern that vaporizes when the molten metal is poured into the mould. 
The process and variations of it are known by other names, including lost-foam process, 
lost pattern process, evaporative-foam process, and full-mould process (the last being a 
trade name). The polystyrene pattern includes the sprue, risers, and gating system and it 
may also contain internal cores (if needed). Thus eliminating the need for a separate core in 
the mould. Also, since the foam pattern itself become the cavity in the mould, 
considerations of draft and parting lines can be ignored. The mould does not have to be 
opened into cope and drag sections. Various methods for making the pattern can be used, 
depending on the quantities of castings to be produced. For one-of-a kind castings, the 
foam is manually cut from large strips and assembled to form the pattern [15]. 
 
For large production runs, an automated moulding operation can be set up to make 
the patterns prior to making the moulds for casting. The pattern is normally coated with a 
refractory compound to provide a skin with smoother surface on the pattern and to improve 
the skin high-temperature resistance. Moulding sands usually include bonding agents. 
However, dry sand is used in certain processes in this group, which aids recovery and 
reuse. Figure 2.4 explains how the mould is developed. 
 
A significant advantage for this process is that the pattern need not be removed 
from the mould. This simplifies mould making. In a conventional green sand mould, two 
halves are required with proper parting lines, draft allowances must be added. With the 
expanded polystyrene process, these steps are built into the pattern itself. The disadvantage 
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of the process is that a new pattern is needed for every casting. The economic justification 
of the expanded polystyrene process is highly dependent on the cost of producing the 
pattern. The expanded polystyrene casting process has been applied to mass produced 
castings for automobile engines[15]. Automated production system is installed to mould 
the polystyrene foam pattern for these applications.  
 
 
 
1. Pattern of polystyrene is coated with refractory compound. [14, 16] 
2. Foam pattern in mould box and sand is compacted around the pattern. 
3. Molten metal is poured into the pattern that forms the pouring cup sprue. 
As the metal enters the mould, the polystyrene foam is vapourized ahead of the 
advancing liquid, thus allowing the resulting mould cavity to be filled. 
 
2.2.5 Investment casting process 
In investment casting, a pattern made of wax is coated with a refractory material to 
make the mould, after which the wax is melted away prior to pouring the molten metal. 
The term investment comes from one of the less familiar definitions of the word invest; 
which is "to cover completely" this refers to the coating of the refractory material around 
the wax pattern. It is a precision casting process because it is capable of making castings of 
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high accuracy and intricate details. The process dates back to ancient Egypt and it is also 
known as the lost-wax process, because the wax pattern is lost from the mould prior to 
casting. 
 
Since the wax pattern is melted off after the refractory mould is made, a separate 
pattern must be made for every casting. Production of patterns usually accomplished by a 
moulding operation. Pouring or injecting the hot wax into a master die that has been 
designed with proper allowances for shrinkage of both wax and subsequent casting metal. 
In cases where the part geometry is complicated, several separate wax pieces must 
be joined to make the pattern. In high production operation, several patterns are attached to 
a sprue, also made of wax, to form a pattern tree; this is the geometry that will be cast out 
of metal as shown in figure 2.5. 
Coating with refractory is usually accomplished by dipping the pattern tree into a 
slurry of very fine grained silica or other refractory (almost is powder form) mix with 
plaster to bond the mould into shape. The small grain size of the refractory materials 
provides a smooth surface and captures the intricate details of the wax pattern. The final 
mould is accomplished by repeatedly dipping the tree into refractory slurry or dry for about 
8 hours to harden the binder [12]. 
Advantages of investment casting include: 
1. The capability to cast parts of great complexity and intricacy; 
2. Close dimensional control; tolerance of (±0.076 mm) are possible [14] 
3. Good surface finish; 
4. The wax can usually be recovered for reuse; and additional machining is not 
normally required; this is a net shape process. 
Parts made by investment casting are normally small in size, although parts with 
complex geometries weighing up to 30 kg have been successfully cast. All types of metals, 
including steels, stainless steels, and other high-temperature alloys, can be investment cast. 
Examples of parts include complex machinery parts, blades and other components for 
turbine engines, jewelry, and dental fixtures [15,16,17]. 
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1. Wax patterns are produced.  
2. Several patterns are attached to a sprue to form a pattern tree. 
3. The pattern tree is coated with a thin layer of refractory material. 
4. The full mould is formed by covering the coated tree with sufficient refractory 
material to make it rigid [18]. 
5. The mould is held in an inverted position and heated to melt the wax and permit it 
to drip out of the cavity. 
6. The mould is preheated to a high temperature, which ensures that all contaminants 
are eliminated from the mould; it also permits the liquid metal to flow more easily 
into the detailed cavity; the molten metal is poured and then solidifies. 
7. The mould is broken away from the finished casting. Parts are separated. 
2.2.6 Plaster and ceramic mould casting process 
Plaster mould casting is similar to sand casting except that the mould is made of 
plaster of Paris (2CaSO4-H2O) instead of sand. Additives, such as talic and silica flour are 
mixed with the plaster to control contraction and setting time, reduce cracking, and 
increase strength. To make the mould the plaster mixture wetted with water is poured over 
a plastic or metal pattern in a flask and allowed to set. Wood patterns are generally not 
used due to the extended contact with water in the plaster. The fluid consistency permits 
the plaster mixture to readily flow around the pattern, capturing its details and surface 
finish. Thus, the cast product in plaster moulding is noted for these attributes, [16]. 
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Curing of the plaster mould is one of the disadvantages of this process, at least in 
mass production. The mould must set for about 20minutes before the pattern is stripped. 
The mould is then backed for several hours to remove moisture. Even with the backing, not 
all the moisture content is removed from the plaster. 
The dilemma faced by foundry men is that mould strength is lost when the plaster 
becomes too dry, and yet moisture content can cause casting defects in the product. A 
compromise must be achieved between these undesirable alternatives.  
Another disadvantage with the plaster mould is that it is not permeable, thus 
limiting escape of gases from the mould cavity. This problem can be solved in a number of 
ways: 
1. Evacuating air from the mould cavity before pouring. 
2. Aerating the plaster slurry prior to mould making so that the resulting hard 
plaster contains finely dispersed voids;  
3. Using a special mould composition and treatment known as the Antioch process 
[8, 17]. 
This process involves using about 50% sand mixed with the plaster, heating the 
mould in an autoclave (an oven that uses superheated steam under pressure), and then 
drying. The resulting mould has considerably greater permeability than a conventional 
plaster mould. 
Plaster mould can not withstand the same high temperatures as sand moulds. They 
are therefore limited to the casting of lower melting point alloys, such as aluminum, 
magnesium, and some copper-based alloys. Applications include metal mould for plastic 
and rubber moulding, pump and turbine impellers, and other parts of relatively intricate 
geometry. Casting sizes range from less than 30 g to several hundred kg; parts weighing 
less than 10 kg. are most common. Advantages of plaster moulding for these applications 
are good surface finish and dimensional accuracy and the capability to make thin cross 
section in the casting [9, 15, 19]. 
Ceramic mould casting is similar to plaster mould casting except that the mould is 
made of refractory ceramic materials that can withstand higher temperatures than plaster. 
Thus, ceramic moulding can be used to cast steels, cast irons, and other high-temperature 
alloys. Its applications (mould and relatively intricate parts) are similar to those of plaster 
mould casting except for the metals cast; its advantages (good accuracy and finish) are also 
similar.  
 
  
 
27 
2.3. Permanent mould casting processes 
The economic disadvantage of any of the expendable mould processes is that a new 
mould is required for every casting. In permanent mould casting, the mould is reused many 
times. This research, is discussing permanent mould casting, treating it as the basic process 
in the group of casting processes that all use reusable metal moulds.  
Permanent mould casting uses a metal mould constructed of two sections which are 
designed for easy, precise opening and closing. These moulds are commonly made of steel 
or cast iron. The cavity, with gating system included, is machined into the two halves to 
provide accurate dimensions and good surface finish. Metals commonly cast in permanent 
moulds include aluminum, magnesium, copper-based alloy, and cast iron. However, cast 
iron requires a high pouring temperature, (1250˚C to 1500˚C) [1, 14], which takes a heavy 
toll on mould life. The very high pouring temperatures of steel make permanent moulds 
unsuitable for this metal unless the mould is made of refractory material [8, 9,15]. 
Cores can be used in permanent moulds to form interior surfaces in the cast 
product. The cores can be made of metal, but either their shape must allow for removal 
from the casting, or they must be mechanically collapsible to permit removal. If 
withdrawal of a metal core would be difficult or impossible, sand cores can be used, in 
which case the casting process is often referred to as semi permanent mould casting. 
In preparation for casting, the mould is first preheated and one or more parting 
coatings are sprayed on the cavity. Preheating facilitates metal flow through the gating 
system and into the cavity. The coatings aid heat dissipation and lubricate the mould 
surfaces for easier separation of the cast product. After pouring, as soon as the metal 
solidifies, the mould is opened and the casting is removed. Unlike expendable moulds, do 
not collapse, so the mould must be opened before appreciable cooling contraction occurs in 
order to prevent cracks from developing in the casting. 
Advantages of permanent mould casting include good surface finish and close 
dimensional control, as previously indicated. In addition more rapid solidification caused 
by the metal mould results in a finer grain structure, so stronger castings are produced. The 
process is generally limited to metals of lower melting point. 
Other limitation include simple parts geometries compared to sand casting (because 
of the need to open the mould), size of the casting (according to capacity of the machine) 
and the expense of the mould. Because mould cost is substantial, the process is best suited 
to high-volume production and can be automated accordingly. Typical parts include 
automotive pistons, pump bodies, and certain castings for aircraft and missiles [20]. 
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Several casting processes are similar to the basic permanent mould method. From 
literature review the permanent mould casting operations include the following processes:- 
1. Slush casting.  
2. Low-pressure casting.  
3. Vacuum permanent mould casting. 
4. Graphite mould casting. 
5. Die casting.  
6. Centrifugal casting. 
 
2.3.1. Slush casting  
Is a permanent mould process in which a hollow casting is formed by inverting the 
mould after partial freezing at the surface to drain out the liquid metal in the center. 
Solidification begins at the mould walls since they are relatively cool and progresses over 
time towards the middle of the casting . Thickness of the shell is controlled by the length of 
time allowed before draining. Slush casting is used to make statues, lamp pedestals, and 
toys out of low melting point metals such as lead, zinc, and tin. In these items, the exterior 
appearance is important, but the strength and interior geometry of the casting are minor 
considerations [12]. 
2.3.2. Low-pressure casting 
In the basic permanent mould casting process and in slush casting, the flow of 
metal into the mould cavity is caused by gravity. In low-pressure casting, the liquid metal 
is forced into the cavity under low pressure, approximately (0.1 MPa), from beneath so that 
the flow is upward. The advantages of this approach over traditional pouring is that clean 
molten metal from the center of the ladle is introduced into the mould, rather than metal 
that has been exposed to air. Gas porosity and oxidation defects are thereby minimized and 
mechanical properties are improved [8, 21]. 
2.3.3. Vacuum permanent mould casting 
Vacuum permanent mould casting is a variation of low-pressure casting in which a 
vacuum is used to draw the molten metal into the mould cavity. The general configuration 
of the vacuum permanent mould casting process is similar to the low pressure casting 
operation. The difference is that reduced air pressure from the vacuum in the mould is used 
to draw the liquid metal into the cavity, rather than forcing it by positive air pressure from 
below. Benefits of the vacuum technique relative to low-pressure casting are that air 
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porosity and related defects are reduced and greater strength is given to the cast product 
[15, 22]. 
 
2.3.4. Graphite mould casting 
Another form of permanent moulding uses moulds constructed of graphite. This 
process is used for specialized types of castings, such as railroad car wheels, and is usually 
coupled with a special pouring operation mechanism to enhance metal pouring. In this 
moulding the geometry of the castings must account for solidification shrinkage to prevent 
hot tearing of the casting and damage to the mould. This type of moulds offer the 
following significant advantages [15, 23]  
1. The chilling effect of the graphite mould minimizes risering. 
2. Pronounced chilling effect enhances the physical and mechanical properties of the 
casting. 
3. Dimensional accuracy is not required and machining is not required on many of the 
castings produced in these moulds. 
4. Offers good surface finish. 
 
2.3.5. Die casting 
It is a permanent mould casting process in which the molten metal is injected into 
the mould cavity under high pressure. Typical pressures are [7 to 350 MPa] [9]. The 
pressure is maintained during solidification, after which the mould is opened and the part is 
removed. Moulds in this casting operation are called dies; hence the name die casting. The 
use of high pressure to force the metal into the die cavity is the most notable feature that 
distinguishes this process from others in the permanent mould category. Die casting 
operations are carried out in special die casting machines. Modern die casting machines are 
designed to hold the two halves of the moulds and keep them closed while the liquid metal 
is forced into the cavity. There are two main types of die casting machines; [1, 14, 23, 38] 
hot chamber and cold chamber; they are differentiated by how the molten metal is injected 
into the cavity.  
 
i. In hot-chamber machines, the metal is melted in a container attached to the 
machine, and a piston is used to inject the liquid metal under high pressure into 
the die. Typical injection pressures are [7 to 35 MPa].Hot-chamber die casting 
imposes a special hardship on the injection system since much of it is 
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submerged in the molten metal. The process is therefore limited in its 
applications to low melting point metals that do not chemically attack the 
plunger and other mechanical components. This because the connected mould 
and plunger of the machine are for low melting temprecture metals. These 
metals include zinc, tin, lead, and sometimes magnesium [8, 12, 15]. 
ii. In cold-chamber die casting machines, molten metal is poured into an unheated 
chamber from an external melting container, and a piston is used to inject the 
metal under high pressure into the die cavity. Injection pressures used in these 
machines are typically [14 to 140 MPa]. This casting process is a high 
production operation.  
iii. Cold-chamber machines are typically used for casting aluminum, brass, and 
magnesium alloys. Low melting point alloys [zinc, tin and lead] can also be 
cast on cold chamber machines, but the advantages of the hot chamber process 
usually favor its use on these metals [8]. 
 
Moulds used in die casting operations are usually made of tool steel, mould steel, or 
margin steel. Tungsten and molybdenum with good refractory qualities are also being used, 
especially in attempts to die cast steel and cast iron. Die can be single or multiple cavities. 
Ejector pins are required to remove the part from the die when it opens. These pins push 
the part away from the mould surface so that it can be removed. Lubricants (Lin seed oil 
and parafinic oils) must also be sprayed into the cavities to prevent sticking [24]. 
Since the die materials have no natural porosity and the molten metal rapidly flows 
into the die during injection, venting holes and passageways must be built into the dies at 
the parting line to evacuate the air and gases in the cavity. The vents are quite small; yet 
they fill with metal during injection. This metal must later be trimmed from the part. Also 
formation of flash is common in die casting, in which the liquid metal under high pressure 
squeezes into the small space between the die halves at the parting or into the clearances 
around the cores and ejector pins. This flash must be trimmed from the casting, along with 
the sprue and gating system. 
 
Advantages of die casting include:- 
1. High production rates are possible. 
2. It is economical for large production quantities.  
3. Close tolerance are possible, on the order of (±0.076mm) on small parts. 
4. Good surface finish. 
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5. Thin sections are possible, down to about (0.5 mm). 
6. Rapid cooling which provides small grain size and good strength to casting. 
The limitation of the process, in addition to the metals cast, is the shape restriction. 
The part geometry must be such that it can be removed from the die cavity. 
2.3.6. Centrifugal casting 
Centrifugal casting refers to several casting methods in which the mould is rotated 
at high speed so that centrifugal force distributes the molten metal to the outer regions of 
the die cavity. The group includes:- 
1- True centrifugal casting. 
2- Semi centrifugal casting. 
2.3.6.1 True centrifugal casting 
In true centrifugal casting, molten metal is poured into a rotating mould to produce 
a tubular part. Examples of parts made by this process include cylinder liners, tubes, 
bushings, and rings [1, 18, 25]. Molten metal is poured into a horizontal rotating mould at 
one end. In some operations, mould rotation is commenced after pouring has occurred, 
rather than before hand. The high speed rotation results in centrifugal forces that cause the 
metal to take the shape of the mould cavity. Thus, the outside shape of the casting can be 
round, octagonal, hexagonal, or other. However, the inside shape of the casting is 
theoretically perfectly round, due to the radically symmetric forces at work [7,8,12]. 
Orientation of the axis of mould rotation can be either horizontal or vertical, the 
former being more common. It is important to consider how fast the mould must rotate in 
horizontal centrifugal casting for the process to work successfully.  
 
2.3.6.2 Semi centrifugal casting   
In this method, centrifugal force is used to produce solid castings, rather than 
tubular parts. The rotation speed in semi centrifugal casting is usually set so that G-factors 
of around 15 are obtained, and the moulds are designed with risers at the center to supply 
feed metal. Density of metal in the final casting is greater in the outer sections than at the 
center of rotation. The process is often used on parts in which the center of the casting is 
machined away, thus eliminating the portion of the casting where the quality is lowest. 
Wheels and pulleys are examples of casting that can be made by this process. Expendable 
moulds are often used in semi centrifugal casting, suggested by the illustration of the 
process [12,26]. 
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2.4 Core and Pattern making 
If the casting is to have internal surfaces, a core is required. A core is a full scale 
model of the interior surfaces of the part. It is inserted into the mould cavity prior to 
pouring so that the molten metal will flow and solidify between the mould cavity and the 
core to form the casting's external and internal surfaces. The core is usually made of sand 
compacted into the desired shape. As with the pattern, the actual size of the core must 
include allowances for shrinkage and machining. Depending on the geometry of the part, 
the core may or may not require supports to hold it in position in the mould cavity during 
pouring. These supports, called chaplets, are made of same metal of the casting. 
Sand casting as any other process requires a pattern, a full-sized model of the part, 
enlarged to account for shrinkage and machining allowances in the final casting. Materials 
used to make patterns include wood, plastics, and metals. Wood is a common pattern 
material because it is easily worked into shape. Its disadvantages are that it tends to warp, 
and it is abraded by the sand being compacted around it, thus limiting the number of times 
it can be reused. Metal patterns are more expensive to make, but they last much longer. 
Plastics represent a compromise between wood and metal. Selection of the appropriate 
pattern material depends to a large extent on the total quantity of castings to be made. 
There are various types of patterns. Which are described as follows:- 
a. Solid pattern. 
b. Split pattern. 
c. Match plate pattern. 
 
2.4.1 Solid pattern 
It is a simplest form of pattern made of one piece, called a solid pattern, with the 
same geometry as the casting, adjusted in size for shrinkage and machining. Although it is 
the easiest pattern to fabricate, it is not the easiest to use in making the sand mould. 
Determining the location of the parting line between the two halves of the mould for a 
solid pattern can be a problem, and incorporating the gating system and sprue into the 
mould is left to the judgment and skill of the foundry worker. Consequently, solid patterns 
are generally limited to very low production quantities. 
2.4.2  Split pattern 
Split pattern consists of two pieces, dividing the part along a plane coinciding with 
the parting line of the mould. Split patterns are appropriate for complex part geometries 
and moderate production quantities [9]. The parting line of the mould is predetermined by 
the two pattern halves, rather than by operator judgment. 
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2.4.3 Match-plate pattern 
For higher production quantities, match-plate patterns or cope-drag patterns are 
used. In match-plate pattern, the two pieces of the split pattern are attached to opposite 
sides of a wood or metal plate. Holes in the plate allow the top and bottom (cope and drag) 
sections of the mould to be aligned accurately. cope-and-drag patterns are similar to match-
plate patterns except that split pattern halves are attached to separate plates so that the cope 
and drag sections of the mould can be fabricated independently, instead of using the same 
tooling for both. Patterns define the external shape of the cast part.  
 
2.5 Mould design and construction 
For permanent mould processes the mould is made of tool steel which can 
withstand very high temperatures. For expendable mould processes, the mould is mainly 
made of fragile and demolishable material .Sand is the main material for making moulds. 
This research study shows how the mould sand is selected and how the sand mould is 
designed. 
Modern techniques of casting specified the properties of moulding sand (natural 
bonding force, degree of refractoriness, tensile strength and shear strength) and made them 
dependent to a great extent on a number of variables. The important among them are [1,7]: 
1. Sand grain shape and size  
2. Clay type and amount 
3. Moisture content  
The shape and size of the sand grain would greatly affect the various moulding sand 
properties. The sand grain size could be coarse. In making the mould, grains of sand are 
held together by a mixture of water and bonding clay. A typical mixture (by volume) is 
90% sand, 3% water, and 7% clay [9]. Other bonding agents can be used in place of clay, 
including organic resins (e.g. phenolic resins) and inorganic binders (e.g. sodium silicate 
and phosphate). Beside the sand and binders, additives are sometimes combined with the 
mixture to enhance properties such as strength and/or permeability of the mould. 
To form the mould cavity, the traditional method is to compact the moulding sand 
around the pattern for both cope and drag in a container called a flask [2,8]. 
The packing process is performed by various methods. The simplest is hand ramming, 
accomplished manually by a foundry worker. In addition, various machines have been 
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developed to mechanize the packing procedure. These machines operate by any of several 
mechanisms, which are explained as here under:-  
1. Squeezing the sand around the pattern by pneumatic pressure. 
2. A jolting action in which the sand, contained in the flask with the pattern, is 
dropped repeatedly in order to pack it into place. 
3. A slinging action, in which the sand grains are impacted against the pattern at high 
speed. 
An alternative to traditional flasks for each sand mould is flaskless moulding, which 
refers to the use of one master flask in a mechanized system of mould production. Each 
sand mould is produced using the same master flask. Mould production rates up to 600 per 
hour are claimed for this more automated method . 
Several indicators are used to determine the quality of the sand mould [5]which are 
stated as follows :- 
1. Strength: the mould 's ability to maintain its shape and resist erosion caused by the 
flow of molten metal; it depends on grain shape, adhesive qualities of the binder.  
2. Permeability: the capacity of the mould to allow hot air and gases from the casting 
operation to pass through the voids in the sand. 
3. Thermal stability: the ability of the sand at the surface of the mould cavity to resist 
cracking and bulking upon contact with the molten metal; 
4. Collapsibility: the ability of the mould to give way and allow the casting to shrink 
without cracking the casting; it also refers to the ability to remove the sand from the 
casting during the cleaning; 
5.  Reusability: refers to the possibility of making the sand from the broken 
 moulds be reused for other moulds. These measures are sometimes incompatible; 
for example, a mould with greater strength is less collapsible. 
 
Sand moulds are often classified as green sand, dry-sand, or skin-dried moulds. 
Greensand moulds are made of a mixture of sand, clay, and water, the word "Green" 
referring to the fact that the mould contains moisture at the time of pouring. Greensand 
moulds possess sufficient strength for most applications, good collapsibility, good 
permeability, and good reusability and are the least expensive of the moulds. They are the 
most widely used mould types, but they are not without problems. Moisture in the sand can 
cause defects in some castings, depending on the metal and geometry of the part. A dry-
sand mould is made using organic binders rather than clay, and the mould is backed in a 
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large oven at temperatures ranging from (204˚ to 316˚ C). Oven baking strengthens the 
mould and hardens the cavity surface [9]. 
 
A dry-sand mould provides better dimensional control in the cast product 
compared to greensand moulding. However, dry-sand moulding is more expensive, and the 
production rate is reduced because of drying time. Applications are generally limited to 
medium and large castings in low- to medium- production rates. In a skin-dried mould, the 
advantages of a dry-sand mould are partially achieved by drying the surface of a green 
sand mould to a depth of 32 cm to 64 cm. at the mould cavity surface, using torches, 
heating lamps, or other means. Special bonding materials must be added to the sand 
mixture to strengthen the cavity surface. 
The preceding mould classifications refer to the use of conventional binders 
consisting of either clay and water or ones that require heating to cure. In addition to these 
classifications, chemically bonded moulds have been developed that are not based on 
either of these traditional binder ingredients. Some of the binder materials used in these no-
bake systems includes furan resins (consisting of furfural alcohol, urea, and formaldehyde), 
phenolic, and alkyd oils. No-bake moulds are growing in popularity due to their good 
dimensional control in high-production applications. The sand mould as illustrated in 
figure 2.6 & figure 2.7 shall have the following descriptions:- 
1. Possess refractoriness to bear the high heat of the molten metal.  
2. Possess strength to hold the weight of molten metal. 
3. Produce a minimum amount of mould gases.  
4. Be able to resist the erosive action of the molten metal being poured. 
5. Resist metal penetration into the mould walls. 
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a. Core held in place in the mould cavity by chaplets 
b. Possible chaplet design 
c. Casting with internal cavity 
2.6. Metal melting devices  
After moulding construction stage, melting is one of the factors which control the 
quality of casting, and it is an important stage to enable pouring the metal into the mould. 
The melting operation is performed in furnaces. Each type of furnace is used for melting 
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certain metal alloys, according to its heating capacity and the melting points of the metal 
alloys intended to be processed. Furnace is an enclosure in which energy in a non thermal 
form is converted to heat, especially such an enclosure in which heat is generated by the 
combustion of a suitable fuel. There are various types of furnaces available for melting 
foundry alloys such as:  
a. Cupola furnace  
b. Air furnace  
c. Rotary furnace  
d. Open hearth furnace  
e. Converter  
f. Crucible furnace  
g. Electric furnace 
   The choice of the furnace depends on the following factors:- 
1. Initial cost of the furnace  
2. Fuel cost 
3. Type of metal or alloy to be melted  
4.  Melting and pouring temperature of the metal to be cast  
5. Quantity of metal to be melted 
6. Method of pouring desired.  
7. Cost of furnace repair and maintenance  
8. Cost of melting per unit weight of the metal  
9. Chances of metal to absorb impurities during melting 
10. Quality of the finished product desired.  
11. Flexibility of the unit 
12. Cost of operation and other production requirements  
13. Speed of melting the alloy (melting efficiency)  
14. Degree of pollution  
15. Degree of control 
2.6.1. Cupola 
A cupola is a vertical cylindrical furnace equipped with a tapping spout near its 
base. Cupolas are often used only for melting cast irons, and nonferrous metals [10] 
although other furnaces are also used, the largest tonnage of cast iron is melted in cupolas. 
General construction and operating features of the cupola. It consists of a large shell of 
steel plates lined with a refractory. The charge, consisting of iron, coke, flux and possible 
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alloying elements, is loaded through a charging door located less than half way up the 
height of the cupola. The iron is usually a mixture of pig iron and scrap (including risers, 
runners and sprues left over from previous castings). Coke is the fuel used to heat the 
furnace. Forced air is introduced through openings near the bottom of the shell for 
combustion of the coke. The flux is a basic compound such as limestone that reacts with 
coke ash and other impurities to form slag. The slag serves to cover the melt, protecting it 
from reaction with the environment inside the cupola and reducing heat loss. As the 
mixture is heated and melting of the iron occurs, the furnace is periodically tapped to 
provide liquid metal for the pour. 
 
2.6.2. Air furnace (or reverberatory furnace) 
An air furnace is an acid-lined reverberatory type furnace used for the production 
of Malleable iron and high-test grey iron casting. It consists of a long rectangular structure 
having a removable arched roof sections over a shallow hearth made up of refractory sand 
dampened with clay wash. It resembles open hearth furnace except for a few differences 
namely:- 
a. It doesn't have any regenerative chambers for preheating the incoming air.  
b. Metal is charged through the bungs.  
c. Temperature is less than of the open hearth furnace.  
Oil or pulverized bituminous lump coal is used as fuel for heating and melting the 
metal. Air and fuel are blown through one end of the furnace. The flame and hot gases 
generated, heat up the air furnace roof and walls. The heat reflected and radiated from the 
roof and walls is utilized for melting and superheating the metal charge. Acid slag above 
the molten metal protects it from direct exposure to the flame and furnace atmosphere. An 
air furnaces is charged by removing bungs and then dropping the charge through the hole, 
the bungs are then replaced and sealed with clay. The entire charge i.e. entire amount of 
row materials is put into the furnace at a time, melted into one batch and drawn off when 
the correct composition and temperature have been obtained [1,7,12]. 
2.6.3. Rotary melting furnace 
Rotary furnaces got originated in Germany but they are now being used in other 
countries of Europe, U.S.A and many other countries. Since an air furnace for making 
malleable cast iron is difficult to operate and wasteful in fuel, a rotary furnace is an 
improvement over the same [12, 22]. A rotary furnace consists of a horizontal cylindrical 
steel shell lined with refractory material and mounted on rollers. For rotating or rocking 
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purposes the cylindrical shell revolves completely at about 1 rpm. Due to rotation of the 
furnace, the metal gets heat from the walls and is melted more efficiently and faster. The 
melting time is reduced to about half that of stationary furnace. The melting ratio is 5:1 for 
pulverized coal and 6:1 for oil fuel. The refractory lining may be renewed after 200-300 
heats. 
 
2.6.4. Open hearth furnaces 
An air furnace does not develop temperatures enough to melt steel because a good 
amount of heat generated by the combustion of fuel is lost in the hot waste gases which 
pass up the chimney. For this reason open hearth furnaces, which were earlier used in 
connection with steel making only, are now widely used in large steel foundries. 
Approximately 65% of the yearly tonnage of steel castings in U.S.A. is produced in open 
hearth furnaces. For use in steel foundries open hearth furnaces range from 5 to 100 tons 
capacity, the popular being a 25 ton furnace.  Most of the open hearth furnaces are 
stationary but some of the units are of tilting type also. An open hearth furnace consists of 
a long shallow basin called the hearth (about 4.5 m wide, 12 m long and 0,5m deep) which 
is lined with dolomite, in case of a basic (O.H.) furnace process and with silica fire brick if 
the process is acidic. Scrap metal, pig iron and flux are charged into the furnace through 
charging doors. Heating is done by burning gaseous fuel [7, 17, 22]. 
 
2.6.5. Converter 
Converters are actually those furnaces which do not melt steel, rather they are steel-
making units. Converters are of two types Bessemer or bottom blown converter in which 
blast of cold air is blown from the bottom tropenas or side blown converter in which blast 
of cold air is blown from the side of the converter. 
Table 2.1: Comparison between Bessemer converter and side blown 
converter (7). 
Bessemer Converter  Side blown converter  
1.  pressure of air blast is about 1.3 bar 
2.  it is larger in size and has a        
capacity of 20 to 40 tons  
3. molten pig iron, brought in ladles from 
a blast furnace is transferred in a Bessemer 
1.  pressure of air blast is about 0.02 bar  
2.  It is smaller than Bessemer converter 
and holds from 1 to 4 tons of steel.    
3. molten metal usually from the cupola 
is charged into the side blown converter. 
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converter and air is blown through the  
bottom of the converter to oxidize the 
impurities present in the metal  
4. A Bessemer converter has a lining of 
fire clay or silica  
5. source of heat for a converter is neither 
coal, coke or gas, rather it is the oxidizable 
element Si Mn and  C   
The process permits the use of quite large 
quantities of scrap in the cupola but in 
order to remove carbon effectively a hot 
blast cupola is preferred. Ferro-silicon may 
be added to the cupola charge to ensure the 
reaction  
4. A side blown converter is lined with 
silica bricks or ganister; this acid lining 
necessitates the use of metal charge  low in 
phosphorus and sulphur content  
 
A converter actually converts pig iron into steel by blowing air through (Bessemer) 
or over (side blown) molten iron. As can be seen from the differences between Bessemer 
and side-blown converters listed above, the side blown converter is more suitable than the 
Bessemer converter in foundries producing steel castings.  As side blown converter can 
produce high temperature molten steels (1760–1815° C) which are required to pour thin 
sectioned steel castings [6, 23]. 
 
2.6.6. Crucible furnaces  
In a crucible furnace, the metal charge is placed and melted in a crucible. A 
crucible is made up of silicon carbide, graphite or other refractory materials and it can 
withstand high temperatures. A crucible furnace is though mainly used for melting of non- 
ferrous metals and (low melting point) alloys; it has been and is being used for melting cast 
iron and steel also. A crucible furnace consists of a steel shell provided with refractory (fire 
brick) lining from inside. A crucible furnace has the following advantages: -  
a. Low initial cost 
b. Easy to operate 
c. Low cost of fuel 
A crucible furnace may be of the following types: -  
a. Pit crucible furnace  
b. Crucible furnace of bale- out type  
c. Crucible furnace of tilting type  
d. Stationary gas or oil fired crucible furnaces  
e. Stationary coke fired crucible furnace  
f. Pot furnace 
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2.6.7. Electric furnaces   
Electric furnaces are used for the production of high quality casting, because of the 
following factors:- 
1. The furnace atmosphere can be more closely controlled, 
2. Losses by oxidation can be eliminated, 
3. Alloying elements can be added without fear of (their) losses (due to 
oxidation). 
4. Composition of the melt and its temperature can be accurately controlled. 
5. Electric furnaces are used for melting steels including alloy steel as tool steels, 
stainless steels, alloy a cast iron, and brasses, etc. As compared to other 
furnaces, the cost of operation of an electric furnace is high; however this has 
to be born when castings of finest quality are demanded.  Capacity of electric 
furnaces ranges from 250 kg to 10 tons. More than 30% of the yearly tonnage 
of castings in U.S.A. is produced in electric arc furnaces [31].In practice there 
are various types of furnace which are as follows:- 
a. Direct arc furnace. 
b. Indirect arc furnace. 
c. Resistance heating type. 
d. Coreless type (or High frequency) induction furnace. 
e. Core type (or low frequency) induction furnace. 
2.7. Temperature measurements of melts 
Molten metals poured at low temperature into mould will produce a defective 
casting. Thus it is very essential to pour the metal in the mould at right temperature. 
Temperature of molten metals is generally measured with the help of instruments known as 
Pyrometers. The following Pyrometers are commonly used for the purpose:  
a. Thermocouple Pyrometer 
b. Optical Pyrometer 
c. Radiation Pyrometer 
2.8. Pouring devices (ladles) 
The molten metal from the furnace is tapped into the ladles at requisite intervals 
and then poured into the moulds. Depending on the amount of metal to be handled, there 
are different sizes of ladles. They may range between 50 kg to 30 tones depending upon 
the casting size. For grey cast iron, since the slag can be easily separated, top pouring 
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ladles would be enough. But for steels, to separate the slag effectively, the metal is to be 
poured from the bottom with the help of the bottom pour ladle. The bottom pour ladle has 
an opening in the bottom that is fitted with a refractory nozzle. A stopper rod, suspended 
inside the ladle, pulls the stopper head up from its position thus allowing the molten alloy 
to flow from the ladle. 
As the metal in the ladle loses a large amount of heat to the surrounding 
atmosphere by radiation, it is necessary to account for this drop in the temperature of the 
casting metal. Expected drop in temperatures as a basis of ladle capacity is given in Table 
(2.2). In the large ladles in view of the larger heat content, there is relatively small drop in 
temperature while in the small ladles the drop is appreciable. Hence more speed in 
operation of the small ladles is desirable particularly in manual operation.  
 The actual pouring temperatures of the casting alloys would therefore be affected 
by their heat loss in ladles as shown in Table (2.2). As a result, the actual pouring 
temperature of the melt as it enters the mould is different from that of the temperature 
when it was actually tapped from the furnace. Table (2.3) gives approximate range of 
pouring temperatures for various casting alloys. 
Table 2.2: Expected drop in temperature of melt in ladles (1). 
Ladle capacity, kg. Temp .drop ºC/min 
50 20-40 
1150 10-15 
300 5 – 7 
1000-2000 2 – 3 
3000-4000 1.5 - 2.5 
 
  Table 2.3: Metal pouring temperatures in ˚C   (1).                            
Metal 
 
Tapping from Furnace 
° C 
Pouring into mould 
° C 
Gray cast iron 
Small casting 
 
1380 
 
1300 
Medium size casting 1360 1300 
Large and very large casting 1360 1290 
Thin walled castings 
Malleable iron 
Based on wall thickness 
Up to 4mm 
 
 
 
1480 
 
 
 
1380 
4 -10 mm 1450 1350 
10 – 20 1430 1350 
>20 mm 1410 1320 
Carbon and low alloy steel 
Small – medium 
 
1550 
 
1420 
Large – very large 1520 1390 
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Thin walled 1550 1450 
Aluminum 
LM1 
 
780 
 
720 - 770 
LM4 770 730 - 750 
LM10 750 690 - 730 
Tin and Phosphorous bronze 
Wall thickness:10mm 
 
150 
 
1100 
10 -20 mm 1100 1050 
20mm 1050 1000 
 
2.9 Casting operation 
After the core is positioned (if one is used) and the two halves of the mould are 
clamped together, casting is performed. Casting consists of pouring, solidification, and 
cooling of the cast part. The gating and riser system in the mould must be designed to 
deliver liquid metal into the cavity and provide for a sufficient reservoir of molten metal 
during solidification  to compensate for shrinkage. Air and gases must be allowed to 
escape. 
One hazard during pouring is that the buoyancy of the molten metal may displace 
the core. Buoyancy results from the weight of molten metal being displaced by the core, 
according to Archimedes' principle. The force tending to lift the core is equal to the weight 
of the displaced liquid less the weight of the core itself. Expressing the situation in 
equation form [9]. 
1.2.............................................................cmb WWF −=  
Where: 
Fb = buoyancy force,(N)  
Wm = weight of molten metal displaced, (N)  
Wc= weight of the core, (N). 
Weights are determined by the volume of the core multiplied by the respective 
densities of the core material (typically sand) and the metal being cast. The density of a 
sand core is approximately 1.6 g/cm3.  
 
2.10. Solidification and removal of castings   
Having poured the metal into the mould, the casting is allowed to solidify and cool 
in the mould itself. The sand mould is to be broken to extract the casting. But the breaking 
of the sand mould is to be done only when the casting is sufficiently cooled, since the 
metal at high temperatures has very little strength. The cooling time depends upon the 
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casting section thickness, the total mass as well as the type of mould. Approximate values 
for cooling times are given in Table (2.4). 
Also, if the hot casting is exposed to air, there is likely to be faster and uneven 
cooling because of which the casting may warp, crack or induce thermal stresses beneath 
the skin. The moulding sand provides a uniform cooling medium for the cast while 
producing least amount of internal stresses. Ideally the moulds should be broken at a 
temperature when no transformation occurs. For example, for ferrous alloys, the breaking 
should be done at a temperature below 700 ˚C. If the castings are thin and fragile, they 
should be removed at a temperature as low as 400 ˚C, whereas for the heavier castings, a 
little higher temperature of 500 ˚C may be suitable [23].   
Table 2.4: Cooling times for sand casting: (8). 
Mould description Mass, kg Cooling 
time, hours 
     Green sand mould : simple moderate 
complexity       
< 20 0.4 – 0.75 
Green sand mould : moderate to high complexity 21-100 0.75 – 1.5 
Dry sand mould : moderate to high Complexity 
 
<20 0.6 – 1.0 
101 – 500 2 - 6 Dry sand mould : moderate size 
501 – 1000 
1001 – 3000 
3001 – 5000 
6 -9 
8 – 18 
18 -30 
 
 
2.11 Fettling 
The complete process of the cleaning of castings, is called fettling, it involves the 
removal of the cores, gates and risers, cleaning of the casting surface and chipping of any 
of the unnecessary projections on surfaces. The dry sand cores can be removed simply by 
knocking off with an iron bar, by means of a core vibrator, or by means of hydro blasting. 
The method depends on the size, complexity and the core material used. The gates and 
risers can be removed by hammering, chipping, hack sawing, abrasive cut off or by flame 
or arc cutting. Removal of gates and risers can be simplified by providing a reduced metal 
section at the casting joints. For brittle materials such as grey cast iron, the gates can easily 
be broken by hitting with a hammer. For steel and other similar materials, sawing with any 
metal cutting saw like hack saw or band saw would be more convenient. For large size 
gates and risers, it may be necessary to use flame or arc cutting to remove them. Similarly, 
abrasive cut off may also be used for removal of gates. Most of the abrasive cut off can be 
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carried out by portable grinding machines with an angled grinding head. Typical wheel 
speeds used are in the range of 45 to 80 m/s. The casting surface after removal of the gates 
may still contain some rough surfaces left at the time of removal of gates, or sand that is 
fused with the surface, or some fins and other projections on the surface near the parting 
line. These need to be cleaned thoroughly before the casting is put to use. The fins and 
other small projections may easily be chipped off with the help of either hand tools or 
pneumatic tools, For smoothening the rough cut gate edges either the pedestal or swing 
frame grinder is used depending on the size of the casting.  For cleaning the sand particles 
sticking to the casting surface, sand blasting is normally used. The casting is kept in a 
closed box and a jet of compressed air with a blast of sand grains or steel grit is directed 
against the casting surface, which thoroughly cleans the casting surface. The typical shot 
speeds reached of the order of 80 m/s. The shots used are either chilled cast iron grit or 
steel grit. Chilled iron is less expensive but is likely to be lost quickly by fragmentation. In 
this operation, the operator should be properly protected; another useful method for 
cleaning the casting surface is the tumbling. Here the castings are kept in a barrel which is 
completely closed and then slowly rotated about a horizontal axis at 30 to 40 rpm. The 
barrel is reasonably packed, with enough room for castings to move so that they will be 
able to remove the sand and unwanted fins and projections. However one precaution to be 
taken for tumbling is that, the castings should all be rigid with no frail or overhung 
segments which may get knocked off during the tumbling operation [4, 23]. 
 
2.12 Castings inspection method 
Foundry inspection procedures include five methods as described bellow:  
1. Visual inspection to detect obvious defects, such as misruns, cold shuts and severe 
surface distortion  
2. Dimensional measurements to ensure that tolerances have been met. 
3. Metallurgical, chemical, physical, and other tests concerned with the inherent quality 
of the cast metal. 
4. Pressure testing to locate leaks in the casting and radiographic methods, to detect 
either surface or internal defects in the casting. 
5. Mechanical testing to determine properties such as tensile strength and hardness. If 
defects are discovered but are not too serious, it is often possible to save the casting 
by welding, grinding, or other salvage methods to which the caster has agreed [34]. 
  
 
47 
For more elaboration figure 2.8 shows the sequence of the complete sand metal casting 
process. 
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CHAPTER THREE 
THEORY, TECHNIQUES & DESIGN 
OF METAL CASTING MOULD 
3.1. Introduction 
This chapter presents the descriptions of the metal casting mould complete with its 
gating system elements and other related involvements. Also it determines the equations 
that define and express the flow of molten metal in the passageways of the casting mould. 
The gating system includes those elements which are connected with the flow of molten 
metal from the ladle to the mould cavity. 
3.2. Gating system 
The gating system is designed with respect to a certain gating ratio which refers to 
the proportion of the cross sectional areas between the sprue, runner and the ingate and is 
generally denoted as sprue area: runner area: ingate area. Depending on the choke area 
there can be two types of gating systems; which are non- pressurized and pressurized [14, 
25]. 
(a) Non-pressurized gating system 
A non pressurized gating system having a choke at the bottom of the sprue base, 
having total runner area and ingate areas higher than the sprue area. In this system there is 
no pressure existing in the metal flow system and thus it helps to reduce turbulence. This is 
particularly useful for casting drossy alloys such as aluminum and magnesium alloys. 
These have tapered sprues, sprue base wells and pouring basins. When the metal enters the 
mould cavity through multiple ingates, the cross section of the runner should accordingly 
be reduced at each of runner break-up to allow for equal distribution of metal through all 
the ingates. The gating ratio of a typical practice is:- 
Sprue: Runner: Ingate = 1: 4: 4 by area [1,26]. 
The unpressurised gating is associated with some disadvantages which are 
described as follows:- 
1. The gating system needs to be carefully designed to ensure complete filling 
with molten metal while pouring operation. Otherwise some elements of the 
gating system may partially be filled during the process allowing for air 
aspiration. Tapered sprues are invariably used with unpressurised system. Also 
the runners are maintained in the drag while the gates are kept in the  cope to 
ensure that runners are full.  
2. Casting yield gets reduced because of large metal involved in the runners and 
gates. 
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(b) Pressurized gating system 
In the case of a pressurized gating system normally the ingate area is the smallest, 
thus maintaining a back pressure throughout the gating system. Because of this back 
pressure in the gating system, the metal is more turbulent and generally flows full and 
thereby, when multiple gates are used, this system allows all the gates to flow full. These 
systems generally provide a higher casting yield since the volume of metal used up in the 
runners and gates is reduced. Because of the turbulence and the associated dross formation, 
this type of gating system is not used for light alloys but can be advantageously used for 
ferrous castings. Gating ratio of a typical pressurized gating system is [7, 27]:- 
Sprue: runner: ingate    = 1: 2: 1. 
Table 3.1: some gating ratios used in practice (1). 
 a: b: c 
Aluminum                      1: 2: 1 
1: 1.2: 1 
                     1: 2: 4 
                     1: 3: 3 
                     1: 4: 4 
                     1: 6: 6 
         Aluminum bronze      1: 2.88: 4.8 
                      Brass                      1: 1: 1 
                     1: 1: 3 
    1.6: 1.3 : 1 
                      Copper                     2: 8: 1 
                    3: 9: 1 
Ductile iron     1.15: 1.1: 1 
     1.25:1.13: 1 
      1.33: 2.67: 1 
  Grey cast iron  1: 1.3: 1.1 
                    1: 4: 4 
 1.4: 1.2: 1 
 1.4: 1.2: 1 
                    2: 1.5: 1 
                    2: 1.8: 1 
                    2: 3: 1 
                    4: 3: 1 
Magnesium                     1: 2: 2 
                    1: 4 :4 
  Malleable iron                     1: 2: 9.5 
 1.5: 1: 2.5 
                    2: 1: 4.9 
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                     Steels                     1: 1: 7 
                    1: 2: 1 
                    1: 2: 1.5 
                    1: 2: 2 
                    1: 3 : 3 
1.6: 1.3:1 
 
Where a: b: c 
      a   is the cross-sectional area of the choke 
      b   is the total cross-sectional area of runners 
           c   is the total cross-sectional area of ingates  
These are the general considerations on the choice of gating system. But a lot 
depends on the specific foundry practice as evidenced from the table above of the various 
gating ratios recommended or commonly used.  
While designing the runner system, care should be taken to reduce sharp corners or 
sudden change of sections since they tend to cause turbulence and gas entrapment. Though 
from the heat loss factor circular cross-section runners are preferable, traditionally 
trapezoidal runner sections are used to reduce the turbulence. The approximate proportions 
are from a square to rectangle with width twice as that of the depth of the runner. When 
multiple ingates are used, the runner cross-section should be suitably restricted at the 
separation of each runner in the interest of uniform flow through all the sections.  
Also it is a general practice to cut the runner in the cope and the ingate in the drag 
to help in the trapping of slag. In some cases it was also found to be good to have half of 
the runner in the cope and the rest with ingate in the drag, which effectively reduces slag 
for aluminum alloy castings, it is recommended that the runners be placed in the drag and 
the ingates in the cope so that the dross which is heavier (3.99 g /cm3) compared to 
aluminum (2.70 g/cm3) is restricted. Also, the entry into runners from sprue base well 
should be made as smooth as possible in such castings; otherwise the direction of the flow 
would tend to be turbulent and leads to crossing when any change abruptly occurs in the 
cross-sectional area. [6, 7, 15,28]. 
For cylindrical castings the sprues may be located on the axis of rotation with 
sufficient number of radial runners feeding the casting. An alternative arrangement is that 
the sprue is located to one side of the casting and a runner around the periphery is properly 
ended with ingates. In case of thin castings, miss-runs are a problem and therefore they 
should be fed as quickly as possible with a number of ingates all around the casting. A 
preferred gating system for grey cast iron plate like casting is presented in figure 3.1. 
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Generally the gating system for metal casting as shown in Figure 3.2 consists of the 
following elements:- 
1. Pouring basin.  
2. Sprue.  
3. Sprue base well. 
4. Choke area. 
5. Runner.  
6. Runner extension.  
7. Ingate 
8. Riser. 
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Any gating system designed should aim at providing a defect free casting. This can 
be achieved by making provisions for certain requirements while designing the gating 
system as shown in Figure 3.1 and figure 3.2.These requirements are as follows:- 
1. The mould should be completely filled in the smallest time possible without 
having to neither raise metal temperature nor use higher metal heads. 
2. The metal should flow smoothly into the mould without any turbulence. A 
turbulent metal flow tends to form dross in the mould. 
3. Unwanted material such as slag, dross and other mould material should not be 
allowed to enter the mould cavity.  
4. The metal entry into the mould cavity should be properly controlled in such a 
way that aspiration of the atmospheric air is prevented.  
5. Metal flow should be maintained in such a way that no gating or mould erosion 
takes place. 
6. A proper thermal gradient should be maintained so that the casting is cooled 
without any shrinkage cavities or distortions. 
7. The gating system should ensure that enough molten metal reaches the mould 
cavity.  
8. The gating system design should be economical and easy to implement and 
remove after casting solidification. 
9.  Ultimately, the casting yield should be maximized. 
The achievement of all these requirements together is not easy, but still in 
designing a mould, it is very essential to consider as many of the above objectives as 
possible. Before going into the mechanics of gating design, it is important to describe the 
functions and types of the various gating system elements, provided that the studies of 
gating systems have been based upon two laws of fluid dynamics which are expressed as 
follows [5, 14, 28, 29]:-  
a. Law of continuity  
Which states that:- 
1.3..................................................................2211 etcVAVAQ ==  
 Where    Q is the volume rate of flow,  
      A is the cross – sectional area of flow passage,  
                        V is the linear velocity of flow. 
1. According to law of continuity, since liquids are incompressible, the volume 
rate of flow Q remains constant at all sections in a fluid system. 
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2. Changes in area of the tube through which the liquid is flowing affect the linear 
velocity of liquid flow. For example, if a tube narrows down to half of its 
original area, its velocity will get doubled. 
3. Law of continuity holds good for only those ducts, tubes or channels which run 
full. 
b. Bernoulli's Theorem. 
1. Bernoulli's theorem is based upon first law of thermodynamics. 
2. Bernoulli's theorem states that the total energy of  a unit weight of the fluid is 
constant throughout a fluid system 
3. Total energy means the sum of velocity (i.e. kinetic) energy, potential energy 
and pressure energy. 
4. Bernoulli's theorem as expressed in an equation form is :- 
( ) ( ) 2.3.........................................../2//2/ 22
2
211
2
1 ρρ PhgVPhgV ++=++
         
 Where   V is the linear velocity of flow 
                         h is the height above the datum plane 
         ρ is the density  
         P is the pressure  
5. When the metal is in the pouring cup point A, figure 3.3 it possesses maximum 
potential energy but zero velocity.  
6. As the liquid metal moves down the sprue, the potential energy converts 
rapidly into kinetic energy. 
7. Velocity at point B can be calculated by using Bernoulli's equation 
( ) ( ) ρρ /2//2/ 22 BBBAAA PhgVPhgV ++=++  
( ) ρρ /2/ 2 BBAA POgVPhO ++=++  
(Assuming VA=0 and point B is datum) 
 Since PA=PB=1 Atmosphere, the equation can be rewritten as 
( ) ( ) 3.3.....................................................22/ 212 ABBA ghVorgVh ==  
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3.2.1. Pouring basin 
The molten metal is not directly poured into the mould cavity because it may cause 
mould erosion. Molten metal is poured into a pouring basin which acts as a reservoir from 
which it moves smoothly into the sprue. The pouring basin is also able to stop the slag 
from entering the mould cavity by means of a skimmer or a skim core as shown in Figure 
3.4a. it holds back the slag and dirt which floats on the top and only allows the clean metal 
underneath to flow into the sprue. The pouring basin may be cut into the cope portion 
directly or a separate dry sand pouring basin may be prepared and used as shown in Figure 
3.4b. The molten metal in the pouring basin should be full during the pouring operation, 
otherwise a funnel is likely to form through which atmospheric air and slag may enter the 
mould cavity [1,30]. 
One of the walls of the pouring basin is made inclined at about 45o to horizontal [1]. 
The molten metal is poured on this face such that metal momentum is absorbed and vortex 
formation is avoided. In some special cases the pouring basin may consist of partitions to 
allow for the trapping of the slag and maintaining constant metal height in the basin. 
The main function of the pouring basin is to reduce the momentum of the liquid 
flowing into the mould by settling first into it. In order that the metal enters into the sprue 
without any turbulence, it is necessary that the pouring basin be deep enough, and also the 
entrance into the sprue be a smooth curve of at least 25mm radius. Experience shows that 
the pouring basin depth of 2.5 times the sprue entrance diameter is enough for smooth 
metal flow and prevents vortex formation, as shown in figure 3.5.In order that a vortex is 
not formed during pouring, it is necessary that the pouring basin be kept full. Further 
provision should be made in the pouring basin so that constant conditions of flow are 
established. This can be achieved by using a delay screen or a strainer core, as in figure 
3.6. A delay screen is a small piece of a perforated thin tin sheet placed in the pouring 
basin at the top of the down sprue. This screen actually melts because of the heat from the 
molten metal hence it delays the entrance of the metal into the sprue thus filling the 
pouring basin. This ensures a constant flow of metal as also excludes slag and dirt since 
only metal from below is allowed to go into the sprue.  A similar effect is also achieved by 
a strainer core which is a ceramic coated screen with many small holes. The strainer 
restricts the flow of metal into the sprue and thus helps in quick filling of the pouring 
basin.[6] The metal should be poured steadily into the pouring basin keeping the lip of the 
ladle as close as possible. Pouring basins are most desirable with castings in alloys which 
form troublesome oxide skins (aluminum, aluminum bronze, etc.) [9]. 
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3.2.2. Sprue  
Sprue is a channel through which the molten metal is brought into the parting plane 
where it enters the runners and gates to ultimately reach the mould cavity. The molten 
metal when moving from top of the cope to parting plane gains in velocity and as a 
consequence requires a small area of cross section for the same amount of metal to flow at 
the top. If the sprue were to be straight cylindrical as shown in figure 3.7 (a), then the 
metal flow would not be full at the bottom, but some low pressure area would be created 
around the metal in the sprue. Since the sand mould is permeable, atmospheric air would 
be breathed into this low pressure area which would then be carried to the mould cavity. 
To eliminate this problem of air aspiration, the sprue is tapered to gradually reduce the 
cross section as it moves away from the top of the cope [5, 6, 29]as shown in figure 3.7 (b). 
The sprue as shown in figure 3.8 (a) is designed according to the following rules: - 
( ) 4.3...................................// 212121 hhAA =  
Where   A1 is the area at sprue entrance  
  A2 is area at the sprue exit  
  h1 the level of liquid metal above the sprue entrance.  
   And   h2 is the level of liquid metal above the sprue exit. 
As explained earlier, the sprues should be tapered down to take into account the gain in 
velocity of the metal as it flows down reducing the air aspiration. The exact tapering can be 
obtained by the equation of continuity. Denoting the top and choke sections of sprue by 
subscripts t and c respectively, we get. 
5.3...................................................../ tcct
cctt
VAVA
VAVA
=
=
 
Since the velocities are proportional to the square of the potential head, as can be 
derived from Bernoulli's equation, 
( ) 6.3......................................................./ 21tcct hhAA =  
The square root suggests that the profile of the sprue should be parabolic if exactly 
done as per the above equation. But making a parabolic sprue is too inconvenient in 
practice and therefore a straight tapered is preferable. It has been found in practice that a 
straight tapered sprue is able to effectively reduce the air aspiration as well as increase the 
flow rate compared to a parallel sprue. 
In order to get the dimensions of the sprue at the top and subsequent tapering, it has 
to consider the head of the metal in the pouring basin as shown in figure 3.8(b). Metal at 
the entry of the sprue would be moving with a velocity of (2gh) ½. 
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( ) 21/ chhAA tct = -------------------------3.7 
Where         
                      H =   actual sprue height  
At = cross sectional area of sprue top 
Ac = choke cross sectional area 
           And     ht = h + H ---------------------------------------------------- 3.8 
 
Table (3.2) shows the theoretical values of area ratios of top and chokes portions of 
the sprue based on sprue height and metal head in the pouring basin. 
Though these ratios are theoretically correct, often it is not possible to control 
exactly the amount of the head in the pouring basin during the pouring operation. Hence it 
is a general practice to neglect the effect of the pouring basin head and proportion the sprue 
top solely based on the sprue height alone. 
Table 3.2: Theoretical ratio of sprue top and choke areas (At/Ac) based on 
pouring basin depth (8). 
Depth in pouring basin(h) , (mm) 
  
50 100 150 200 250 
Sprue 
height(H) 
mm 
At/Ac 
50 
100 
150 
200 
250 
375 
500 
600 
1.414 
1.732 
2.000 
2.236 
2.450 
2.915 
3.317 
3.742 
1.225 
1.414 
1.581 
1.732 
1.871 
2.179 
2.450 
2.739 
1.155 
1.291 
1.414 
1.528 
1.633 
1.871 
2.082 
2.309 
1.118 
1.225 
1.323 
1.414 
1.500 
1.696 
1.871 
2.062 
1.095 
1.183 
1.265 
1.342 
1.414 
1.581 
1.732 
1.897 
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3.2.3 Sprue base well 
This is a reservoir for metal at the bottom of the sprue to reduce the momentum of 
the molten metal. The molten metal as it moves down the sprue gains in velocity, some of 
which is lost in the sprue base well by which the mould erosion is reduced. This molten 
metal then changes direction and flows into the runners in a more uniform way. The 
provision of sprue base well at the bottom of the sprue helps in reducing the velocity of the 
incoming metal and also the mould erosion. Reasonable proportions for a sprue base well 
are presented in figure 3.9.  
A general guide line could be that the sprue base well area should be five times that 
of the sprue choke area and the well depth should be approximately equal to that of the 
runner. For a narrow and deep runner, the well diameter should be 2.5 times the width of 
the runner in a two runner system, and twice its width in a one runner system. [4, 5, 31] 
 
 
3.2.4 Choke area 
For calculating the optimum pouring time, it is now required to establish the main 
control area which adjusts the metal flow into the mould cavity so that mould is completely 
filled within the calculated pouring time. This controlling area is called choke area. 
Normally the choke area is made at the bottom of the sprue and hence the first element to 
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be designed in the gating system is the sprue size and its proportions. The main advantage 
in having sprue bottom as a choke area is that proper flow characteristics are established 
early in the mould. The choke area can be calculated using Bernoulli's equation as [14, 32] 
9.3..................................................
2gHCt
M
A
×××
=
ρ
 
Where 
A = Choke area, mm2  
M = Casting mass, kg 
 t   =   pouring time, s 
ρ = mass density of the molten metal, kg/mm3 
g   = acceleration due to gravity, mm/s2 
H=effective metal head (sprue height), mm 
C= effective factor which is a function of the gating system used 
The effective sprue height H, for all mould depends on the casting dimensions and 
the type of gating used. The effective sprue heads can be calculated using the following 
relations 
Top gate,          H = h  
Bottom gate      H = h – c/2 
Parting gate      H = h – p2/2c 
Where              h = height of sprue  
                       p = height of mould cavity in cope 
                       c = total height of mould cavity 
The values of h, p and c are shown in figure 3.10 for the various types of gating.  
The efficiency coefficient of the gating system C [1, 33] depends on the various 
sections that are normally used in gating system. The elements of a gating system should 
normally be circular in cross section since they have lower surface area to volume ratio 
which would reduce heat loss and have less friction. Moreover, streamlining the various 
gating elements would greatly increase the volumetric efficiency of the gating system and 
allow for smaller size gates and runners which would increase the casting yield. Whenever 
a runner changes direction or joins with another runner or gate, there is some loss in the 
metal head, all of which when taken properly into consideration would give the overall 
efficiency of the gating system. 
( ) ( ) 10.3..........................)//1(/1 2122222121 +++= AAKAAKC  
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Where K1, K2… are loss coefficient occurring at changes in direction or area as in 
table (3.3). 
A1, A2… are areas down stream from change.  
A    is the choke area.  
Table 3.3: Values of loss coefficients for various gate elements (13). 
Gate element Sharp (k) Round (k) 
Sprue entry from pouring cup  0.75 0.20 
Bend of sprue into runner  2.00 1.00 
Right angle bend runner: square 
cross section  
2.00 1.50 
Right angle bend runner: round  
cross section 
1.50 1.00 
Junction at right angle to runners           4.0 to 6.0 ------ 
Junction with 25% or more area 
reduction from runner into ingates  
2.00 0.50 
Runner choke when choke area 
approximately one third runner 
area, plus bend of sprue into runner 
13.00 ----- 
 
Losses from wall friction are stated as follows:-  
Round channel loss = 0.02 L/D 
Square channel loss = 0.06 L/D 
Rectangular channel loss = 0.07 L ((A+B)/ (2AB))  
   Where  
L =length of the channel 
D =diameter of round or side of square  
A =one side of rectangle  
B =other side of rectangle 
Though this is the most rigorous way of calculating the efficiency factor, it may not 
be necessary to go to this length all the time. Average values of the efficiency factor are 
provided for typical gating system in table (3.4) which may be used for calculating the 
gating.  
Though it is preferable to have the choke in the sprue, it may sometimes be 
convenient to mould a straight sprue in which case the choke is provided in the runner. The 
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efficiency factors for such systems are also provided in table (3.4). And shown in figure 
3.10. 
For aluminum castings a metal flow rate of 4.044 g/min [9, 34] for 1 sq mm of 
sprue area in an unpressurised gating is found to be sufficient for achieving sound castings. 
Table 3.4: Efficiency coefficients, C for various type of gating system (15). 
Type of system  Tapered choked sprue     
(C)  
Straight sprue runner 
choke (C) 
Single runner 
Entering runner 
 
0.90 
 
0.73 
Two runners with 
multiple ingates, no bends 
in runners  
 
0.90 
 
0.73 
Two runners with 
multiple ingates, 90º 
bends in runners 
 
0.85 
 
0.70 
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3.2.5 Runner  
It is generally located in the horizontal plane (parting plane) which connects the 
sprue to its ingates, thus letting the metal enter the mould cavity. The runners are normally 
made trapezoidal in cross section. It is a general practice for ferrous metals to cut the 
runners in the cope and the ingates in the drag. The main reason for this is to trap the slag 
and dross which are lighter and thus trapped in the upper portion of the runners. For 
effective trapping of the slag, runners should flow full as shown in figure 3.11(a) when the 
amount of molten metal coming from the down sprue is more than the amount flowing 
through the ingates, the runner would always be full and thus slag trapping would take 
place. But when the metal flowing through the ingates is more than flowing through the 
runners, then the runner would be filled only partially as shown in figure 3.11 (b) and the 
slag would then enter the mould cavity. [6, 14, 35] 
 
3.2.6 Runner extension  
The runner is extended a little further after it encounters the ingate. This extension 
is provided to trap the slag in the molten metal. The metal initially comes along with the 
slag floating on the top of the ladle and this flows straight, going beyond the ingate and 
then trapped in the runner extension [1, 36]. 
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3.2.7 Ingates  
These are the openings through which the molten metal enters the mould cavity. 
The shape and the cross section of the ingate should be such that it can readily be broken 
off after casting solidification and also allow the metal to enter quietly into the mould 
cavity. The ingate can be considered as a weir with no reduction in cross section of the 
stream at the gate. Since the rate of flow of molten metal through the gates depends on the 
free height of the metal in the runner and the gate area and the velocity with which metal is 
flowing in the runner, hence the free height, can be calculated using the following equation 
[6, 32, 35] 
( ) 11.3................................2//6.1 2223 mmgVgbQh +=  
h = Theoretical height 
Q = Metal flow rate, mm3/s 
b = Gate width, mm 
V = Metal velocity in runner, mm/s 
g = Acceleration due to gravity, mm/s2 
Having obtained the head of the metal, the effective height of the gate heff is given 
by:-  
mmhheff 5−=  --------------------------------------- 3.12 
Gate higher than this will not fill completely and that lower than this will increase 
the velocities of the stream entering into it. 
The following points should be considered while choosing the positioning of the 
ingates.  
1. Ingate should not be located near a protruding part of the mould to avoid the 
striking of vertical mould walls by the molten metal stream.  
2. Ingates should preferably be placed along the longitudinal axis of the mould 
wall.  
3. Ingates should not be placed near a core print or a chill.[36]  
4. Ingates cross- sectional area should preferably be smaller than the smallest 
thickness of the casting so that the ingates solidify first and isolate the castings 
from the gating system in cases of metal shrinkage.  
Small castings may be designed with a single ingate; however, large or complex 
castings require multiple ingates to completely fill all the sections of the castings 
effectively. In the case of multiple ingates care has to be taken to see that all the gates 
would be distributing the molten metal uniformly. If the runner system is made as in figure 
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3.12(a), it is possible that the farthest gate from the sprue is likely to flow more metal than 
others, particularly in the case of unpressurised gating system. To make for more uniform 
flow through all the gates, the runner area should be reduced progressively after each 
ingate, such that restriction on the metal flow would be provided. A typical method 
followed in the case of plate like castings with a tapered runner is shown in figure 3.12(b). 
Depending on the application, various types of gates are used in the metal casting, which 
are [4, 5, 6, 37] as follows:- 
3.2.7.1 Top gate 
This is a type of gating through which the molten metal enters the mould cavity 
from the top as shown in Figure 3-13(a). Since the first metal entering the gate reaches the 
bottom and hotter metal is at the top, a favorable temperature gradient towards the gate is 
achieved. Also, the mould is filled very quickly. But as the metal falls directly into the 
mould cavity through a height, it is likely to cause mould erosion. Also because it causes 
turbulence in the mould cavity, it is prone to form dross and as such top gate is not 
advisable for those materials which are likely to form excessive dross. It is not suggested 
for nonferrous materials and is suggested only for ferrous alloys. It is suitable only for 
simple casting shapes which are essentially shallow in nature. To reduce the mould erosion 
pencil gate are provided in the pouring cup. This type of gate requires minimum of 
additional runners to lead the liquid metal into the cavity, and as such provides higher 
casting yield. 
3.2.7.2 Bottom gate 
When molten metal enters the mould cavity slowly as shown in Figure 3-13(b) it 
would not cause any mould erosion. Bottom gate is generally used for very deep moulds. It 
takes somewhat longer time for filling of the mould and also generates a very unfavorable 
temperature gradient. The preparation of the gating also requires special sprue as shown or 
special cores for locating the sprue in the drag. These gates may cause unfavourable 
temperature gradients compared to the top gating. Thus the system may have to use 
additional padding of sections towards risers and large riser sizes to compensate for the 
unfavourable temperature distribution [1, 14, 38]. 
Bottom gating may sometimes be preferable in conjunction with the use of side 
risers since the metal enters the riser directly without going through the mould cavity. 
3.2.7.3 Parting gate 
This is the most widely used gate in sand castings. As the name implies, the metal 
enters the mould at the parting plane when part of the casting is in the cope and part in the 
  
 
68 
drag as shown in Figure 3-13(c). For the mould cavity in the drag, it is a top gate and for 
the cavity in the cope it is a bottom gate. Thus, this type of gating tries to derive the best of 
both types of gates viz. top and bottom gates. However, if the drag portion of the mould 
cavity is deep, it is likely to cause mould erosion and aggravate dross formation and air 
entrapment in the case of nonferrous alloys. This can be somewhat reduced by making the 
gate area large such that the liquid metal velocity is minimized and it flows slowly along 
the walls into the mould cavity. 
3.2.7.4 Step gate 
Such gates are used for heavy and large castings. The molten metal enters as shown 
in Figure 3-13(d) the mould cavity through a number of ingates which are arranged in 
vertical steps. The size of ingates are normally increased from top to bottom such that 
metal enters the mould cavity from the bottommost gate and then progressively moves to 
the higher gates. This ensures a gradual filling of the mould without any mould erosion and 
produced a sound casting [9, 14, 23]. 
In designing a casting, it is essential to choose a suitable gating system, considering 
the casting material, casting shape and size so as to produce a sound casting. 
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3.2.8 Riser 
Most of foundry alloys shrink during solidification. Table (3.5) shows the various 
volumetric shrinkages for typical materials. As a result of this volumetric shrinkage during 
solidification, voids are likely to form in the castings as shown in Figure 3.14 unless 
additional molten metal is fed into these places which are termed as hot spots since they 
remain hot till the end. Hence a reservoir of molten metal is to be maintained from which 
the metal can flow readily into the casting when it is required. These reservoirs are called 
risers [1]. 
As shown in table (3.5) different materials have different shrinkages and hence the 
risering requirements vary for the materials. In grey cast iron, because of graphitization 
during solidification, there may be an increase in volume sometimes. This of course, 
depends on the degree of graphitization in grey cast iron which is controlled by the silicon 
content [1, 39, 40]. 
 
In order to make them effective, the risers should be designed with respect to the 
following:- 
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1. The metal in the riser should solidify in the end.  
2. The riser volume should be sufficient for compensating the shrinkage in the 
casting. 
In order to satisfy the above requirements, risers of large diameters are generally 
used. But it proves to be a very expensive solution since the solidified metal in the riser is 
to cut off from the main casting and is to be melted for reuse. The larger the riser volume, 
the lower is the casting yield and as such it is very uneconomical [7, 41, 42]. 
The risers are normally of the following type, top risers which are open to the 
atmosphere; blind risers which are completely concealed inside the mould cavity itself and 
internal risers which are enclosed on all sides by the casting. 
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Table 3.5: Volumetric liquid shrinkages (1). 
 
The top riser is the most conventional and convenient to make. But the position 
where it can be placed is limited. The top being open looses heat to the atmosphere by 
radiation and convection. To reduce this, often insulation is provided on the top such as 
plaster of paris, asbestos sheet. The blind riser since it is surrounded by the moulding sand 
would lose heat slowly and thus would be more effective. Also it can be located more 
conveniently than an open riser. The best is the internal riser which is surrounded on all 
sides by the casting such that heat from the casting keeps the metal in the riser hot for 
longer time. These are normally used for casting which are cylindrically shaped or having 
a hollow cylindrical portion [9, 44]. 
 
3.2.8.1 Risering design 
The function of the riser is to feed the casting during solidification so that no 
shrinkage cavities are formed. The requirement of riser depends to a great extent upon the 
type of metal poured and the complexity of the casting. Various metals have different 
volumetric shrinkage. Of particular interest from among them is grey cast iron which 
sometimes may have a negative shrinkage. This happens because, with higher carbon and 
Material Shrinkage % 
Medium carbon steel  
High carbon steel  
Nickel  
Monel 
Aluminum 
Aluminum alloy (11-13%  Si) 
Aluminum bronze  
Copper  
70-30 brass 
Bearing  bronze 
Grey cast iron  
White cast iron  
Magnesium 
zinc  
2.50 to  3.50 
4.00 
6.10 
6.30 
6.60 
3.50 
4.10 
4.92 
4.50 
7.30 
1.90   to negative 
4.00   to 5.75 
4.20 
6.50 
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silicon contents, graphitization occurs which increases the volume and therefore would 
counteract the metal shrinkage and as such risering may not be very critical in these 
situations. But for some metals such as aluminum and steel, the volumetric contracting 
being very high, elaborate risering is required.  
 
In order to consider as to how a shrinkage cavity may develop, let to consider a 
mould of a cube. Figure 3.15(a), shows a cube which is completely filled with liquid metal. 
As time progresses the metal starts losing heat through all sides and as a result starts 
freezing from all sides equally trapping the liquid metal inside, as in figure 3.15(b). But 
further solidification and subsequent volumetric shrinkage and the metal contraction due to 
change in temperature causes formation of a void figure 3.15(c).The solidification when 
completes, finally results in the shrinkage cavity as shown in figure 3.15(d) [6, 39]. 
 
The reason for the formation of the void in the above cube casting is that the liquid 
metal in the centre which solidifies in the end is not fed during the solidification; hence the 
liquid shrinkage occurred ends up as a void. Such isolated spots which remain hot till the 
end are called "hot spots". It is the endeavour of the casting designer to reduce all these hot 
spots so that no shrinkage cavities occur the hot spot can be avoided by adding a riser to 
the gating system of the mould.  
 
In connection, the term directional solidification is normally used in the casting 
terminology. It means that the solidification of the metal should start at the remotest point 
of the casting from the feeder. Since the cooling is achieved by the removal of heat from 
all surfaces which are exposed to the atmosphere or sand, cooling normally starts from the 
point which is the thinnest or the exposed over a larger surface area. 
Riser is designed by either of the following methods:- 
 
a. Caine's Method  
Since solidification of the casting occurs by losing heat from the surfaces and the 
amount of the heat is given by the volume of the casting, the cooling characteristics of a 
casting can be represented by the surface area to volume ratio. Since the riser is also 
similar to the casting in its solidification behavior, the riser characteristic can also be 
specified by the ratio of the surface area to volume. If the ratio of the casting is higher, then 
it is expected to cool faster. Chvorinov (R) has shown that the solidification time of the 
casting is proportional to the square of the ratio of volume to surface area of the casting. 
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The constant of proportionality called mould constant depends on the pouring temperature, 
casting and mould thermal characteristics [1, 39, 41]. 
( ) 13.3......................................................../ 2SAVkts =  
Where  
ts = Solidification time, sec 
V = Volume of the casting (mm3) 
SA = Surface area (mm2) 
K = Mould constant 
 
The freezing ratio, X of a mould is defined as the ratio of cooling characteristic of the riser. 
( ) ( ) 14.3............................................../// riserrisercastingcasting VSAVSAX =  
In order to be able to feed the casting, the riser should solidify last and hence its 
freezing ratio should be greater than unity. It may be argued that the sphere has the lowest 
surface area to volume ratio and hence that it should be used as a riser. But in the sphere 
the hottest metal being at the centre, it is difficult to use for feeding the casting. The next 
best is the cylindrical type which is most commonly used for its ease in moulding. 
Based on the Chvorinove's rule, Caine developed a relationship empirically for the freezing 
ratio as follows [1, 9]:- 
( )( ) 15.3.................................................................../ cbYaX −−=  
 
Where   Y= riser volume/ casting volume  
a, b and c are constants whose values for different materials are shown in table 3.6. 
Table 3.6: Showing constants for different materials when designing 
risers (7). 
 a b c 
Steel 0.10 0.03 1.00 
Aluminum 0.10 0.06 1.08 
Cast iron, brass 0.04 0.017 1.00 
Grey cast iron 0.33 0.030 1.00 
Aluminum bronze 0.24 0.017 1.00 
Silicon bronze 0.24 0.017 1.00 
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The following equations are used for calculating the risering requirements for 
aluminum alloys LM4 (Cu 2-4%; Si 4-6%) and LM11 (Cu 4-5%). 
When height to diameter ratio of the riser equals 1 [12]. 
 
LM4:  X= 33.45 / (23.98-Y) --------------------------------- 3.16 
 
LM11:  X= 17.11 / (12.58-Y) -------------------------------- 3.17 
 
   When height to diameter ratio of the riser equal 1.5 
 
LM4:  X= 32.09 / (23.98-Y) -------------------------------- 3.18 
 
LM4:  X= 16.75 / (23.98-Y)-------------------------------- 3.19 
 
For nodular iron in CO2 mould, the following equation may be used. 
 
 X= 39.44 / (27.78-Y)---------------------------------------- 20 
 
The above equation when plotted as shown in figure 3.16. The line shows the focus 
of the points that separate the sound castings and castings with shrinkage in steel casting. 
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b. Modulus method 
Another method for finding the optimum riser size is the "modulus method". It has 
been empirically established that if the modulus of the riser exceeds the modulus of the 
casting by a factor of 1.2, the feeding during solidification would be satisfactory [1, 14, 42] 
 
The modulus is the inverse of the cooling characteristic (surface area/ volume) as 
defined earlier. In steel castings, it is generally preferable to choose a riser with a height to 
diameter ratio of   1. 
( )4/3DVolume π= ---------------------------- 3.21 
Where D= diameter of the riser. 
The bottom end of the riser is in contact with the casting and thus doesn't 
contribute to the calculation of surface area.  
 
Surface area  =  22 )4/( DD ππ + ---------------------------------------- 3.22  
The modulus of such a cylinder riser, Mr  would be  
              Mr = 0.2 D-------------------------------------------- 3.23 
Since     Mr = 1.2Mc --------------------------------------------------------- 3.24 
              D  =  6 Mc ----------------------------------------------------------- 3.25 
Where   Mc = modulus of the casting. 
Thus in this method, the calculation of the riser size is simplified to the calculation 
of the modulus of the casting itself and no trial and error solution. Though, this takes into 
account the cooling effect of the riser, it doesn't consider exactly the amount of feeding 
metal required to compensate  
for the shrinkage of the casting. If allowance is made for the volume of metal to be 
fed to counteract the contraction of the casting, the equation would change to :- 
26.3................................................005093.046.5 23 =−− cc VDMD  
                            Where Vc = volume of the casting. 
 
The above is valid when the height to diameter ratio of the riser is unity. When the 
third term in the equation relating to feed volume is neglected, the previous simplified 
equation would be satisfied. 
With chunky casting, e.g., cubes the volume component may be negligible, but for 
those 'rangy' castings, similar to plate like, the influence of volume component becomes 
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increasingly significant. It is sometimes useful to have a parameter called "ranginess 
factor" , R to define the casting type. It may be defined as:- 
 
27.3.................
casting of Modulus
casting as  volumesame of cube a of Modulus
=R  
For calculating, the modulus of a complex shape, it is useful to consider it as a 
combination of shapes as shown in figure 3.17 or by suitable approximation. For example, 
a ring on a plate of thickness t, can be considered as a ring with non-cooling surface of 
thickness t as shown in Figure 3.17(a).  
Let the mean ring diameter Dm = n a 
Where n is a suitable constant based on the geometry. 
Mc =      (volume / area) --------------------------------- 3.28 
( )( ) ( )HnacHnana
aHDm
112 2 −+−++
=
πππ
π
 
 
( ) ( ) nncHa
aH
/12 +−+
= ------------------------------------------ 3.29 
 
in  the  limiting  case  when  the  ring  becomes a  bar  as  shown  in fig. (3.17(b)), 
then n tends to infinity and thus when the boss becomes solid as in fig. (3.17(c)), then n = 
1, and  
Thus the equation becomes as follows:- 
   
( ) cHa
aH
M c −+
=
2
----------------------------- 3.30 
 
In the case of massive ring shaped bodies with a very small bore, the core would 
reach a temperature of the order of 14500 to 14800C by the time the casting starts 
solidifying. As a result the core sand would not be able to extract any further heat and 
therefore can be treated as solid bodies which provide risering purposes. The ratio of outer 
diameter to core diameter of such bodies if exceeding 3.75 can be treated as solid bodies. 
In such situations, the core material should be highly refractory in nature or the core should 
be eliminated. 
Irregular cross sections can be approximated by an equivalent rectangle as shown 
in figure 3.18. But if the adjacent cross sections vary greatly, then they should be 
calculated individually.  
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In the case of junctions the inscribe circle method could be used. Since the fillet 
increases the accumulation of heat, this particularly needs to be taken into consideration 
while estimating the modulus. The inscribed circle should be drawn with the fillet in the 
junction. The modulus then would be equal to be the bar of the same length as the diameter 
of the inscribed circle. The calculated modulus should be increased to take into account the 
effect of the superheating in the melt [5, 6, 7]. 
Design of suitable risers can be obtained by the aid of using charts as shown in 
figure 3.19. these charts will provide the best selection of risers [43,44]. 
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[1] 
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3.3 Pouring time 
One of the objectives as mentioned earlier, for the gating system design is to fill the 
mould in the shortest time. The time for complete filling of a mould termed as pouring 
time, is a very important criteria for design. Too long a pouring time required a higher 
pouring temperature and too short a pouring time means turbulent flow in the mould which 
makes the casting defect prone [43, 44]. There is thus an optimum pouring time for any 
given casting. 
The pouring time depends on the casting materials, complexity of the casting, 
section thickness and casting size. The various relations used are not theoretically obtained 
but established generally by the practice at various foundries and by experimenters. The 
general consideration for choosing pouring time for grey cast iron may not be much 
relevant for steels since they lose heat very fast and therefore the pouring time should be 
very short. For non-ferrous metals, a longer pouring time would be beneficial since they 
lose heat slowly and also tend to form dross if metal is poured too quickly [1, 4]. 
Since the thickness of casting is affected to a great extent, by the ratio of surface 
area to volume of the casting, it is an important variable in calculating the optimum 
pouring time in addition to the mass of the casting itself. Normally while considering the 
mass of the casting, it may not be necessary to consider the mass of the gating system 
because the gating system is completely filled before metal starts entering the mould 
cavity. However, if the gating systems are in comparable size to the actual casting, it may 
be desirable to include them for the calculation.  
The following are standard methods to calculate the pouring time for different 
casting materials [1]:- 
1. Grey cast iron, mass less than 450 kg 
Pouring time, ( )[ ] 31.3...........................................sec59.14/41.1 WTKt +=  
Where 
40
inchesin iron  ofFluidity 
=K  
T= average section thickness, mm 
W= mass of the casting, kg 
 
2. Grey cast iron, mass greater than 450 kg 
Pouring time, secW (T/16.65)) (1.236 t 3
1
+= k  
Typical pouring times for cast iron are 
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       Casting mass         pouring time in second 
           20kg                                                6 to 10  
           100kg                                                  15 to 30 
                 100000kg                                                       60 to 180 
3. Steel castings 
Pouring time, t = (2.4335- 0.3953 log W) √W 
4. Shell moulded ductile iron (vertical pouring) 
Pouring time, t = k2 √W sec----------------------------- 3.32 
Where k2 =2.080 for thinner sections  
               =2.670 for sections from 10 to 25mm thick  
               =2.970 for heavier sections 
                           Pouring time, , 33 Wkt = sec-------------------- 3.33 
                                                                
                 Where k3 is a constant given by:-  
Top gating              1.30 
Bottom gating          1.80 
Brass                      1.90 
Tin bronze               2.80  
5. Intricately shaped thin walled castings of mass up to 450 kg 
               Pouring time, 34 Wkt =  sec----------------------------- 3.34 
               Where W s ' = mass of the casting with gates and risers, kg  
                   K4 = a constant as given below 
                   T, (mm) K4    
                   1.5 to 2.5    1.62   
                   2.5 to 3.5 1.68 
                   3.5 to 8.0 1.85 
                   8.0 to 15.0 2.20 
 
6. For castings above 450 kg and up to 1000 kg  
Pouring time, t = k5 ³ √W T sec ------------------------------------- 3.35 
Where k4 is a constant given by  
                  T,(mm) K5    
                 Up to 10    1.00   
                 10 to 20 1.35 
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                 20 to 40 1.50 
                 Above 40 1.70 
Typical pouring times for castings whose mass is less than 200 kg and average 
section thickness of 25mm are 
Grey cast iron               40 sec 
Steel                             20 sec 
Brass                            15 to 45 sec 
 
3.4 Casting yield 
All the metal that is used while pouring is not finally ending up as a casting. 
Typical routes, the metal would take in a foundry is shown in Figure 3.20.There will be 
some losses in the melting. Also there is a possibility that some castings may be rejected 
because of the presence of various defects. On completion of the casting process, the 
gating system used is removed from the solidified casting and remelted to be used again as 
raw material. Hence, the casting yield is the proportion of the actual casting mass. Wc to 
the mass of metal poured into the mould, Wm expressed as a percentage as follows [10, 
47]. 
Casting yield = 36.3................................................100×
m
c
W
W
 
Where: 
          Wc: weight of castings produced 
          Wm: weight of molten metal used 
The higher the casting yield the higher is the economics of the foundry practice. It 
is therefore desirable to give consideration to maximize the casting yield, at the design 
stage itself.  The casting yield can be maximized by minimizing the quantity of molting 
metal utilized in the other components of the gating system. 
Casting yield depends to a great extent on the casting materials and the complexity 
of the shape. Generally those materials which shrink heavily have lower casting yields. 
Also massive and simple shapes have higher casting yield compared to small and complex 
parts. Typical casting yield are presented in table (3.7) as a guide. 
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Table 3-٧: Casting yields (7). 
Casting description Yield range 
Steel 
Simple massive shapes 
Simple medium size shapes 
Heavy machinery parts  
Small pieces 
Cast  iron  
 Heavy machinery parts  
Small pieces 
Aluminum   
Aluminum castings 
 
0.85 to 0.90 
0.75 to 0.85 
0.55 to 0.65 
0.35 to 0.45 
 
0.65 to 0.75 
0.45 to 0.55 
 
0.25 to 0.45 
 
 
[14] 
3.5 Slag Trap Systems 
In order to obtain sound casting quality, it is essential that the slag and other 
impurities be removed from the molten metal fully before it enters the mould cavity. To do 
this, foundries apply a number of methods, [4] which are as follows:-  
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3.5.1 Runner Extension 
Normally the metal which moves first the gating system is likely to contain slag 
and dross which should not be allowed to enter into the mould cavity. This could be 
achieved by extending the runner beyond the ingate so that the momentum of the metal 
will carry it past the gates and into a blind alley, If the gating system is properly planned, 
clean metal can be expected to go into the mould after completely filling the runner 
extension. A runner extension having a minimum of twice the runner width is desirable 
[4,48,49]. 
3.5.2 Whirl gate 
Another method used successfully to trap the slag from entering steel castings is a 
whirl gat. As shown in figure 3.21: This utilizes the principle of centrifugal action to throw 
the dense metal to the periphery and retain the lighter slag to be retained at the centre. In 
order to achieve this action, it is necessary that entry area should be at least 1.5 times the 
exit area so that the metal is built up at the centre quickly. Also the metal should revolve 
270o before reaching the exit gate so as to gain enough time for separating the impurities 
[1, 48]. 
 
3.6 Feeding distances   
While calculating the risering dimensions, it is assumed that the riser would be able 
to feed, whatever the length the casting may be. If the casting is long, not the entire casting 
would be sound because the riser would not be able to feed the entire length of the casting. 
The total castings could be classified as bars, plates, spherical or cubical sections. In 
cubical and spherical sections the feeding would not be a problem [6, 38, 39]. 
3.7 Chills 
Chills are provided in the mould so as to increase the heat extraction capability of 
the sand mould. A chill normally provides steeper temperature gradients so that directional 
solidification as required in a casting can be obtained. The chills are metallic objects 
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having a higher heat absorbing capability than the sand mould. The chill can be of two 
types: external and internal [50]. 
The external chills are placed in the mould cavity adjoining the mould cavity at any 
required position. Providing a chill at the edge may not normally have the desired effect as 
the temperature gradient is steeper at the end of the casting since heat is removed from all 
sides as shown in figure 3.22.However, if it is placed between two risers it would have 
maximum effect [14, 39,40]. 
The chills when placed in the mould should be clean and dry, otherwise gas 
inclusions be left in the casting. Also, after placing the chills in the mould, they should not 
be kept for long since moisture may condense on the chills causing blow holes in the 
casting [6, 9]. 
 [40] 
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3.8 Product special design considerations 
There are some important guidelines and considerations for casting which are 
recommended to be followed for obtaining sound products. These are as follows: 
3.8.1 Geometric simplicity 
Although casting is a process that can be used to produce complex part geometries, 
simplifying the part design will improve its castability. Avoiding unnecessary complexities 
simplifies mould making, reduce the need for cores, and improve the strength of the 
casting. 
3.8.2 Corners 
Sharp corners and angles should be avoided, since they are sources of stress 
concentrations and may cause hot tearing and cracks in the casting. Generous fillets should 
be designed on inside corners and sharp edges should be blended. 
3.8.3 Section thicknesses 
Section thicknesses should be uniform in order to avoid shrinkage cavities. Thicker 
sections create hot spots in the casting, because greater volume requires more time for 
solidification and cooling. There are likely locations of shrinkage cavities. Figure (3.23) 
illustrates the problem and offers some possible solutions. 
 
3.8.4 Draft 
Part sections that project into the mould should have a draft or taper, as defined in 
figure (3.24). In expendable mould casting, the purpose of this draft is to facilitate removal 
of the pattern from the mould. In permanent mould casting, its purpose is to aid in removal 
of the part from the mould, similar tapers should be allowed if solid cores are used in the 
casting process. The required draft need only be about 1º for sand casting and 2º to 3º for 
permanent mould processes. 
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3.8.5 Use of cores 
Minor changes in part design can reduce the need for coring, as shown in figure 
(3.24) 
3.8.6 Dimensional tolerances and surface finish 
Significant differences in the dimensional accuracies and finishes can be achieved 
in castings, depending on which process is used. 
3.8.7 Machining allowances 
Tolerances achievable in many casting processes are insufficient to meet functional 
needs in many applications. Sand casting is the most prominent example of this need. In 
these cases, portions of the casting must be machined to the required dimensions. Almost 
all sand castings must be machined to some extent in order for the part to be made 
functional. Therefore, additional material, called the machining allowance, must be left on 
the casting for the machining operation. Typical machining allowances for sand castings 
range between 1.5 and 6 mm [14]. 
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CHAPTER FOUR 
THE FOUNDRY SET - UP 
 
4.1. Introduction: 
In the year 1980 the Faculty of Engineering & Architecture, (U of K) received a 
German aid .The aid was in a form of metal casting facilities such as devices, equipment 
and machines. The set is quite sufficient for establishing a well equipped foundry. These 
machines were stored in boxes not being installed up to the year 2000 when a great 
decision was taken by the Mechanical Department, Faculty of Engineering, (U of K) for 
installing, testing and putting them in order to provide the services and facilities required 
for this research and other educational purposes. Intensive contacts therefore for obtaining 
the operation and maintenance manuals from the manufacturers were made. These efforts 
which patiently have been exerted, rendered good results. All the manuals were obtained. 
By implementing the instructions which have been expressed therein, all the mechanical 
and electrical works needed for the machines in order to be ready for operation were 
executed. The good result which was achieved is an output of hard works done by a group 
of scientists who supported the auther and made him able to entertain all the abilities of the 
die-casting and centrifugal casting machines, which are present in the foundry of the 
Faculty of Engineering (U of K)  
 
4.2. Foundry lay-out 
As an output of a deep study a very effective and practical layout was designed to 
serve all metal casting processes intended to be performed in the foundry .The layout 
illustrated in Figure:4.1 shows where the elements of the foundry were positioned. The 
foundry with these facilities is capable of performing sand casting, die-casting, centrifugal 
casting and lost wax casting processes. The foundry is also provided with some locally 
purchased tools in addition to the imported machines and equipment which are determined 
below and  fully described hereinafter:-  
1. Die-casting machine 
2. Centrifugal casting machine 
3. Sand mould making machine 
4. Vibratory mould shaker 
5. Furnaces 
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6. Dust removal & Sandblasting plant 
7. Ovens 
8. Tools 
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4.2.1. Die-casting machine:- 
The machine is of the cold chamber type is made in Germany by Osaka Frech 
Werkzeugban in the year 1980 .In order to set it for mass production, it has been provided 
with a water cooling system as shown  in photo 4.1 (a) & (b). 
This die-castings machine is used for casting material such as aluminum and brass. 
Their high melting temperatures (1200º C) make it difficult to cast them by hot chamber 
process. In this cold chamber process, the molten metal is poured with a ladle into the shot 
chamber for every shot. This process reduces the contact time between the liquid metal and 
the shot chamber.  
The operation sequence in cold chamber process is similar to hot chamber process. 
The operation starts with the spraying of die lubricants throughout the die cavity and 
closing of the die when molten metal is ladled into the shot chamber machine either 
manually by a hand ladle or by means of an auto ladle. An auto ladle is a form of a robotic 
device which automatically scoops molten aluminum from the holding furnace and pours it 
into the die at the exact instant required in the casting cycle. The metal volume and pouring 
temperature can be precisely controlled with an auto ladle and hence the desired casting 
quality can be achieved. Then the plunger forces the metal into the die cavity and 
maintains the pressure till it solidifies. In the next step, the die opens. The casting is 
ejected. At the same time the plunger returns to its original position completing the 
operation.  
The main disadvantage of the cold chamber process is slow compared to the hot 
chamber process. Also, since the metal is ladled into the machine from the furnace, it may 
loose the superheat and sometimes may cause defects such as cold shut. 
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Photo 4.1(b): Cooling tower 
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Die-Mould:- 
The die-mould is designed and manufactured by Yarmok Industrial Complex. The 
material used for the die is tool steel. It is manufactured for producing an element used by 
the National Electricity Corporation NEC in a device for breaking the electric circuit 
instead of the conventional fuse method. The die-mould as shown in photo (4.2) can 
produce at once eight pieces. The period of each cycle is three minutes.  
The die casting consists of two parts, a cover die which is fixed to the stationary 
part of the die casting machine while the other called the ejector die, is fixed to the moving 
platen. The cover die consists of the sprue also called biscuit, runner and gates, and is also 
in contact with the shot chamber. The ejector pins move through the moving die to free the 
casting from the ejector die. The numbers of ejector pins are sufficient to remove the hot 
casting without any distortion. The placements of ejector pin positions have been designed 
so that the pin marks left on the casting are not objectionable.  
The cores used are metallic and are of two types. The fixed cores are the ones 
which are fixed to the die halves. These are parallel to the die movement. The other called 
moving cores, are not parallel with the die movement and hence are to be removed before 
the casting is ejected from the die. 
Sometimes, overflows are provided in the parting plane for the first metal which is 
normally cold, entering the die cavity, to solidify. The overflow is a luxury and should be 
avoided in the design of a die. Overflows are primarily provided for small components, to 
provide enough heat input to the die, so that no cold shuts occur. Also, the overflows can 
be utilized for positioning the ejector pins so that no objectionable ejector pin marks appear 
on the casting. The cycle time in die casting being very small, the dies would readily get 
heated. Particularly in the sections such as sprues, or heavy sections of the casting, the 
temperature may be too high. To maintain uniform and required temperature for which the 
casting is designed, water is circulated through the identified hot regions of the die.  
Hot working tool steels are normally used for the operation of the dies, die inserts 
and cores. For zinc alloys, the normal die material is AISI P20 for low volume and H13 for 
high volume, whereas for aluminum and magnesium, H13 and H11 are used. For copper 
alloys H21, H20 and H22 are the usual die materials [5, 52, 53]. 
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Photo 4.2: 
The cover die and the ejector die 
 
Some excess metal may be forced into the parting plane and is termed as flash. 
Before using the castings, the flash together with any overflow present in the casting is to 
be removed. The trimming of the flash is done either manually or more preferably in 
trimming equipment. 
The die casting machine used for this research is capable of producing castings 
with very fine details. It can offer the   following advantages  
 
1. Because of the use of the movable cores, it is possible to obtain fairly 
complicated casting than that feasible by permanent mould casting.  
2. Very small thicknesses can be obtained because the liquid metal is injected at 
high pressure.  
3. Very high production rates can be achieved. Typical rate could be 200 pieces 
per hour since the process is completely automated.  
4. Because of the metallic dies, very good surface finish of the order of one 
micron can be obtained; the surfaces generated by die casting can be directly 
electroplated without any further processing.  
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5. Closer dimensional tolerances of the order of ± 0.08 mm for small dimensions 
can be obtained compared to the sand casting.  
6. The die has a long life, which is of the order of 300,000 pieces for zinc alloys 
and 150,000 for aluminum alloys. 
7. Die casting gives better mechanical properties compared to sand casting, 
because of the fine grained skin formed during solidification.  
8. Inserts can be readily cast in place.  
9. It is very economical for larg-scale production. 
 
4.2.1.1. Machine Operation Data:- 
Locking force     680 kN 
Hydraulic ejector force   60   kN  
Injection force    60/150 kN 
Injection plunger diameter   40mm 
Casting volume   170 cm3 
Spec. injection pressure   1200 bar 
Casting area     57 cm² 
Hydraulic working pressure  105 bars  
 
4.2.1.2. Weight of casting:- 
For Mg – alloy = 0.49 kg 
For Al – alloy = 0.74 kg 
For Zn – alloy = 1.83kg 
For Cu – alloy = 2.32 kg 
For cold chamber pressure die-casting machine with horizontal injection sleeve 
arrangement. The maximum weight of casting is determined from the injection sleeve 
charging volume taking into account that the sleeve is only 2/3 rds filled taking Weight of 
casting (G) 
( ) ( ) 1.4....................................10004/66.0 2 kghDG ×××××= γπ  
   Where  D =Injection sleeve diameter …..cm 
  h =injection plunger stroke…….cm 
  γ =specific weight of the alloy  
Whereas: - 
  γ  = 1.8 kg / dm3 for Mg-alloy 
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  γ  = 2.7 kg / dm3 for Al-alloy 
  γ  = 6.7 kg / dm3 for Zn-alloy 
  γ  = 8.5 kg / dm3 for Cu-alloy 
4.2.1.3. Calculation of the casting area:- 
Factors looked for are: - 
Fp= injection pressure force N 
Fz=locking force N  
D =Plunger diameter cm  
PE= Specific pressure  
As = Casting area  
Ak = area of casting piston 
Casting area= area of parts (net) + metal feed area+ sprue & overflows  
2.4.....................................uLcs AAAA ++=  
Specific pressure= injection force / area of casting piston 
Usable casting area= locking force/ injection pressure 
3.4............................................../ EZs PFA =  
4.4................................................4/2 EZs PdFA π=  
Usable casting area = locking force x area of casting piston 
                                                 Injection force 
 
4.2.1.4. Setting of injection speed:- 
Endeavours are to be made to select injection speed to be as low as possible. This 
facilitates escape of air enclosed in the die. Vibrations of the machine due to the impact are 
limited to the absolutely necessary value and thus the service life of the machine is 
increased. Only when manufacturing thin-walled parts or parts that have to be electro-
plated, should use to be made of the maximum injection speed facility. To begin with, 
relatively low injection piston speeds and injection pressures are used and these are then 
increased to the absolutely necessary value during the course of the casting  
 
4.2.1.5. Limitations 
1. The maximum size of the casting is limited. The normal sizes are less than 4kg 
with a maximum total weight of castings of 15 kg because of the limitation on 
the machine capacity. 
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2. It is not suitable for all materials because of the limitations on the die materials. 
Normally zinc, aluminum, magnesium and copper alloys are die cast.  
3. The air in the die cavity gets trapped inside the casting and therefore a problem 
is often developed with the die castings. 
4. The dies and the machines are very expensive and, therefore, economy in 
production is possible only when large quantities are produced. 
 
4.2.2. Centrifugal casting machine 
This machine is made in Germany by Duker Anlagen in 1980 and is normally used 
for making hollow pipes, tubes, bushes, etc. which are axi-symmetric, and each with a 
concentric hole. Since the metal is always pushed outward because of the centrifugal force, 
no core needs to be used for making the concentric hole. The axis of rotation is horizontal. 
Very long pipes (6 meter) can be manufactured by the machine as they are normally cast 
with horizontal axis. 
This centrifugal casting machine as shown in photo (4.3) is also used for making 
cast iron cylinders and aluminum liners as shown in photo (4.4). The moulds used with this 
machine are lined with sand or any other refractory material from inside e.g. zircon.  
First, the moulding flask is properly rammed with sand to conform to the outer 
contour of the object to be made. Any end details, such as spigot ends, or flanged ends are 
obtained with the help of dry sand cores located in the ends. Then the flask is dynamically 
balanced so as to reduce the occurrence of undesirable vibrations during the casting 
process. The finished flask is mounted in between the rollers and the mould is rotated 
slowly. Now the molten metal in requisite quantity is poured into the mould through the 
movable pouring basin. The amount of metal poured determines the thickness of the object 
to be cast. After the pouring is complete, the mould is rotated at its operational speed till it 
solidifies, to form the requisite tubing. Then the mould is replaced by a new one and the 
process continued. 
Metal moulds can be also used with this true centrifugal casting machine for large 
quantity production. A water jacket is provided around the mould for cooling it. The 
casting machine is mounted on wheels with a pouring ladle which has a long spout 
extending till the other end of the element to be made. To start, the mould is rotated with 
the metal being delivered at the extreme end of the mould. The casting machine is slowly 
moved down the track allowing the metal to be deposited along the whole length of the 
mould. The machine is continuously rotated till the casting is completely solidified. 
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Then, the pipe is extracted from the mould and the cycle repeated.  
As per the operation instructions and for the purpose of maintaining high quality products, 
the following rules shall be considered while operating:- 
 
Photo 4.4: Samples of cylinders made by the centrifugal  
  Casting machine 
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5.4............................................./2 RmvF =  
Where F= force (N); m=mass (kg); v= velocity, (m/s); and R=inside radius of the mould 
(m). The force of gravity is its weight W= mg, where W is given in (kg) , and 
g=acceleration of gravity (=9.81 m/s2). The guarantee factor (GF) is the ratio of centrifugal 
force divided by weight. 
6.4......................................../// 22 RgvRmgmvWFGF ===  
Velocity v can be expressed as 2πRN/30, where N= rotational speed, rev/min. substituting 
this expression into equation we obtain: 
( )( ) 7.4......................................../30/ 2 gNRGF π=  
Rearranging this to solve for rotational speed N and using diameter D rather than radius in 
the resulting equation, the equation becomes:- 
( )( ) 8.4........................................./2/30 2
1
DgGFN π=  
Where D inside diameter of the mould (m). 
If the G- factor is too low (less than 60) in centrifugal casting, the liquid metal will 
not remain forced against the mould wall during the upper half of the circular path but will 
"rain" inside the cavity. Slipping occurs between the molten metal and the mould wall, 
which means that the rotational speed of the metal is less than that of the mould. on an 
empirical basis, values of GF=60 to 80 are found  to be appropriate for horizontal 
centrifugal casting, although this depends to some extend on the metal being cast.    
 
4.2.2.1. Advantages 
1. The mechanical properties of centrifugally cast jobs are better compared to 
other processes, because the inclusions such as slag and oxides get segregated 
towards the centre of rotation and can be easily removed by machining. Also, 
the pressure acting on the metal throughout the solidification causes the 
porosity to be eliminated giving rise to dense metal.  
2.  Up to a certain thickness of objects, proper directional solidification 
    can be obtained starting from the mould surface to the centre. 
3.   No cores are required for making concentric holes in the case of 
     true  centrifugal casting.  
4. There is no need for gates and runners, which increases the casting yield, 
reaching almost 100%. 
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4.2.2.2. Limitation  
1. Only certain shapes which are ax symmetric and having concentric holes are 
suitable for true centrifugal casting.  
2. The equipment is expensive and thus suitable only for large quantity 
production.  
 
4.2.3. Sand mould making Machine 
The machine is made in Germany in 1980 by Kuenkel, Wagner & Co. K.-G. 
Werknorm From the table of description the machine gives a pressure of 6 bar. The part of 
the mould produced by this machine shall have the dimension of 600x500 mm with a 
maximum height of 425 mm and a minimum height of 260 mm. The weight of the machine 
is 2000 kg.     
The moulding machine operates with its sand packing effect replaces the hand 
peaning and tucking operation. The machine performs these operations with much 
uniformity, resulting in castings of more uniform quality. 
When large numbers of relatively small castings are required, they are often made 
on such a moulding machine using match plate for pattern equipment and a removable type 
flask. In general the moulding machine is used to make castings of a size similar to those 
made on a bench. 
The machine is of the air operated type which is probably the most widely used of 
all the mechanical moulding machinery. It is small in size and relatively inexpensive. The 
simplicity of its operation permits rugged construction and it requires very little 
maintenance. It has become a standard piece of equipment in practically all light foundry 
operations. The moulding machine consists of lever type head which is positioned over the 
machine table for the squeezing operation. It is operated by opening and/or closing 
manually controlled air valves which are attached to it. The machine is shown in photo 
(4.5). This type of machine is used as a single self-contained unit into which the operator 
shovels sand for the mould from wind rows or heaps on the floor, or it can be used in 
conjunction with an overhead sand system. 
The machine differs from most other types of machines, in that a complete mould 
is made on a single machine while on jolt strip, plain jolt, jolt squeeze strip and all the 
varieties of roll-over machines, only one part of a mould is made at a time. 
The machine, like all other air operated moulding machines, is made in several 
sizes and with predetermined capacities. 
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Jolt capacity, squeeze capacity, table size and flask space must all be considered in 
determining the size and weight of a mould that can be made effectively on the machine. 
 
 
 
 
 
 
 
 
 
Photo 4.5: Sand moulding machine 
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4.2.4. Vibratory mould shaker 
This machine is made in Germany by Vibra-Technik in 1980; it is used for 
removing sand from castings after the casting is solidified. The vibratory mould shaker is 
especially suited for foundries operating small mould boxes and having only a limited 
operating space available, as shown in photo (4.6) the machine is very small. Since the 
equipment can be easily maneuvered, it is possible to bring it up to the mould box stack, 
with the used sand being directly returned to the moulding machine. 
The collecting trough is arranged underneath the removable grate. The sand 
passing through the grate is carried away by an inclined conveyor and can be collected at 
the end of this conveyor in a container, wheelbarrow or the like.  
A vibrator which is located underneath the trough serves as oscillating source. It 
removes the sand from the mould and discharges it.  
The castings freed from the moulding sand are retained on the grate.  
Dumping height is approx 700mm. 
The vibratory mould shaker has power consumption as low as 0.615 kw which 
show how economical this unit can be run. It is as well suitable for shaking cores out of 
complicated castings and thanks to the vibrating action the time required for core shakeout 
is notably reduced. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Photo 4.6: Vibrating mould 
shaker 
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4.2.5. Furnaces: 
4.2.5.1. Tilting Crucible furnace  
It is locally made by the author. It is of the tilting type crucible furnace. The 
furnace consists of a steel shell, made of 6 mm thick plate and provided with refractory 
(fire brick) lining inside. The capacity of its crucible is 250 kg per one melt. The crucible is 
made of silicon carbide and graphite. The furnace is fuel oil or gas oil fired type. It is 
manufactured mainly for melting cast iron. It is very easy to operate in addition to its low 
cost. It is shown in photo (4.7). 
As compared to stationary furnaces, tilting type furnaces are preferred where larger 
amounts of metal are melted. In a stationary furnace, the crucible can be taken out from the 
furnace and moved to the place of pouring whereas in a tilting type of furnace the crucible 
is permanently cemented in place. Thus unlike a stationary furnace, in a tilting furnace the 
molten metal is poured into a preheated ladle from the crucible by tilting the furnace. Thus 
the preheated ladle avoids an undesirable drop of metal temperature. Against stationary 
furnaces of capacities up to about 100 kg, tilting furnaces may have capacities up to 500 kg 
of metal or more. A tilting crucible furnace unlike pit furnace, is above the floor level, it is 
mounted on two pedestals and is rotated by hand. The furnace is provided with a burner 
located to facilitate heating even when the furnace is tilted. To start the melting operation, 
the metal charge is placed in the crucible and fuel–air ratio is adjusted to obtain an 
oxidizing or reducing flame. Though it is possible to obtain a neutral flame, it is almost 
impossible to maintain the same. The burning fuel or the flame encircles the crucible, i.e., 
circulates around the outside of the crucible, heats the metal charge lying in it and escapes 
through the hole in the furnace cover or lid. Molten metal in the crucible should not be 
permitted to come in contact with furnace atmosphere otherwise it will absorb hydrogen 
and other gases .To avoid this a flue may be constructed at one side to carry off products of 
combustion so that they do not come in contact with molten metal. 
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Photo 4.7: Tilting crucible furnace 
 
4.2.5.2. A stationary crucible furnace:- 
 It is made in Germany by Hinden Lang, in 1980. It is a gas oil fired stationary type. It 
consists of a steel shell provided with refractory (fire brick) lining inside. It is provided 
with a crucible having a capacity of 100kg per one melt. The crucible is made up of silicon 
carbide and graphite. It withstands high temperatures up to 800ºC. This type of furnace is 
mainly used for melting of non- ferrous metals and (low melting point) alloys. The furnace 
is illustrated in photo (4.8). It has the following advantages:-  
a. Low initial cost 
b. Easy to operate 
c. Low cost of fuel. 
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Photo 4.8: Stationary crucible furnace 
 
4.2.6. Ovens 
The foundry is provided with two ovens for heat treatment. One of the ovens is of 
rectangular cross-section, shown in photo (4.9). This oven is made in Germany in the year 
1980 by Industries Ofen Bau- Lilienfhal – Bremen – It gives 1400ºC. The other oven is of 
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circular type as shown in photo (4.10). It is also made in Germany in the year 1980 by 
Heraeus Co. It gives temperature up to 1000ºC. 
 
     Photo 4.9: Rectangular cross-section oven 
 
 
 Photo 4.10: Circular cross-section oven 
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4.2.7. Foundry tools 
These are special Tools used to facilitate the sand mould construction 
4.2.7.1. Moulders shove1 
Which is designed especially for the moulding trade. It has straight sides such that  
sand will slide off in three different directions. A moulders shovel should be kept clean 
and free from dirt and rust. The shovel is used for mixing and tempering the moulding 
sand. 
4.2.7.2. Riddle 
Sometimes called screen or sieve, is a circular wood frame with a wire mesh 
bottom. It is used for removing foreign materials such as nails, pieces of metal, wood 
etc… from the sand. It is also used for riddling sand over the pattern. 
4.2.7.3. Bench rammer 
Is a tool made of wood. One end called the peen is wedge shaped and the opposite 
end has a flat end called the butt end. This tool is used to push the sand around the 
pattern and into the flask. 
4.2.7.4. Floor rammer 
Is used for the same purpose as the bench rammer except it is used when the mould 
is rammed on the floor rather than on a bench. These rammers are four feet in length. 
4.2.7.5. Bellows 
Are used to blow loose sand from the mould. 
4.2.7.6. Moulder's brush 
Most foundries use this type of brush for many sweeping jobs: for cleaning off 
parting compound from a large mold, for cleaning the moulders bench, etc. 
4.2.7.7. Swab 
Is used to moisten the sand around the pattern to prevent the edge from crumbling 
while drawing the pattern out. The swab usually is made from flask or hemp, or can be 
made in the form of a bulb with camel hair or a sponge. 
4.2.7.8. Strike Bar 
Is used to remove the excess sand from the mold after the ramming has been 
completed. The bottom board will seat on the flask better if the sand has even surface.    
 
      
  
 
110 
4.2.7.9. Vent wire 
Is used to place opening in the sand mould to help the gases and steam to escape 
from the mould. These are made from wires of different diameters. 
4.2.7.10. Rapping bar 
Used in conjunction with draw spike or screw for rapping the pattern before 
removal. 
4.2.7.11. Draw spike and screw 
The tool used for removing the pattern from the sand. 
4.2.7.12. Trowels 
Are used for making joints and finishing flat surfaces. There are many kinds of 
trowels. The two trowels as shown in appendix (1) are the types most commonly used. 
They are the square end and the finishing trowel. 
4.2.7.13. Double end stick or spoon tool 
Generally forged from tool steel and is one of the most useful tools in making a 
mould by using it as a rammer for far parts in the mould cavity. Also it is used in 
ladling small quantities of molten metals as well as it is used for skimming off the 
floated slag and impurities from top of molten metals before pouring process. 
4.2.7.14. Lifters 
Are used for patching and removing loose sand from deep pockets of a mould. The 
Yankee lifter is a useful tool and is used frequently. The two other lifters are inch wide 
and 10 inches long and 1/2 inch wide and 14 to 16 inches long. These are the lifters 
that are most commonly used. 
4.2.7.15. Hub tool 
Used in the same manner as the lifter except the tool is shaped round and is used on 
round parts of a cavity, while the lifter is used on flat and square corners. 
4.2.7.16. Gate cutter 
Is usually made from sheet brass and bent to shape. This tool is used to cut the 
channels in the sand mold so the metal may flow from the crucible to the cavity. 
4.2.7.17. Sprue punch  
Is generally made from brass. It is used for punching or piercing a hole in the cope 
of the mould for the down sprue. 
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4.2.7.18. Flask 
The flask is made from steel. It is a box, fitted with pins, which is used to hold the 
sand while making the mold and while pouring. The flasks most commonly used in the 
two parts mould, are termed the cope for the upper one and the drag for the lower part. 
4.2.7.19. Moulding board 
Is a smooth board fitted with cleats. This mold board is used while one begins to 
make a mould. The pattern is set on the mold board then the drag side of the flask is 
placed around the pattern and on top of the mold board. 
4.2.7.20. Bottom board 
Same shape and size as the mould board. When the drag has been rammed up the 
bottom board is placed on top before rolling the drag over. 
4.2.7.21. Skimmer 
Is usually made from steel and is used to clean the dross, dirt and slag from the 
molten metal which is in the crucible. 
4.2.7.22. Crucible and ladle 
Is made from some refractory material. The ladle is usually made of a steel shell 
with a refractory lining placed inside the steel shell.  
4.2.7.23. Tongs 
Are used for handling hot pieces of metal and lifting the crucible from the furnace. 
Tongs are made from steel. 
4.2.7.24. Double end bail and single shank 
The bail or single shank is made from steel and is shaped to receive the crucible or 
ladle so that the molten metal can be transported from the melting furnace to the molds. 
4.2.7.25. Clamps and weights 
Are made of cast iron or steel. Weights are made of cast iron. Weights are placed 
on the top of the mould while clamps are used for tying the mould together. This will 
prevent the mould from separating at the parting plane when the molten metal is being 
poured into the mould. All tools are shown in appendices.     
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CHAPTER FIVE 
EXPERIMENTAL WORK 
 
5.1. Introduction 
The foundry of the Faculty of Engineering (U of K) after being in its present setup 
as described in Chapter 4 is capable of performing four metal casting processes. These 
processes are sand, die, centrifugal and lost wax casting. But experimentally only the first 
three mentioned processes were performed for the achievement of this research objectives. 
This chapter explains in details how each of them was executed. 
 
5.2. Sand casting experiment  
This experiment is considered the most essential one as sand casting is a widely 
used process. The objects considered to be manufactured by this process are pressure 
vacuum valves (P.V.V.) and transfer centrifugal pumps. The experiment was conducted 
with the aid of using the latest techniques and knowledge of such industry. It was 
performed through the following steps:- 
1. Job identification 
2. Sand preparation 
3. Pattern and core box preparation 
4. Mould design  
5. Mould construction procedure 
6. Metal melting, pouring and castings removal. 
 
5.2.1. Job no. 1: Casting of a pressure vacuum valve (P.V.V.) 
This device is to be made of aluminum metal alloy, and will be used for venting 
crude oil and gasoline tanks as well as for compensating the vacuum pressure that normally 
occurs inside them in the evening times. 
 
5.2.2. Sand preparation 
For the preparation of the suitable moulding sand, some tests were conducted on 
the sand used in this experiment. The type of sand which has been selected for constructing 
the moulds of the experiment is available in a valley which lies five kilometers west of 
Omdurman. It was examined for its conformity and suitability to this kind of industry .The 
tests conducted are explained hereinafter.  However most of the foundries in Khartoum use 
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this variety of sand as it is a good type of silica sand, a sample of which was examined and 
tested in the Foundry of the Faculty of Engineering (U of K) and Seashore Metal Factory 
in United Arab Emirates (U.A.E) for determining its following constituents and 
properties:- 
a) Moisture content 
b) Clay content 
c) Sand grain size 
d) Permeability 
e) Green compression strength. 
f) Green shear strength 
g) Dry strength, 
 
5.2.2.1. Moisture content 
Moisture is an element of the moulding sand which affects many properties like 
compression strength, plasticity and dry strength. To test the moisture of the moulding 
sand which is used for casting aluminum metal alloys, a carefully weighed test sample of 
1000g was taken from a prepared mould and dried at a temperature of 110°C for two hours 
by which time all the moisture in the sand have evaporated. The sample was then weighed. 
The weight difference in grams would give the percentage of moisture contained in the 
moulding sand. The moisture weight percentage obtained is 7%. This test was conducted in 
the foundry of the Faculty of Engineering (U of K). The recommended moisture weight 
percentage is 6.5-8.5% (3) as shown in table (5.1). 
 
Table 5.1 contains descriptions of moulding sands for casting various 
metal alloys (13). 
Casting material Moisture 
% 
Permeabil
ity 
Green 
 compression 
strength kPa 
Deformation  
mm 
Clay % Fineness 
number  
GFN 
Sintering 
temperatur
e  Cº 
Aluminum 6.5-8.5 7-13 46-53 0.45-0.60 12-8 225-160 1300 
Brass and bronze 6-8 13-20 49-56 0.35-0.50 12-14 150-140 1300 
Copper and nickel 6-7.5 37-50 46-56 0.35-0.50 12-14 130-120 1325 
Grey iron Light 
grey iron 
6.5-8.5 10-15 42-53 0.45-0.55 10-12 200-180 1300 
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(squeeze moulds) 
 Medium grey 
iron 
6-7.5 18-25 - 0.48-0.55 12-14 120-87 1325 
(floor moulds) 
Medium grey iron 
5.5-7 40-60 49-56 O.25-0.35 11-14 86-70 1325 
(synthetic sand) 4-6 50-80 - 0.39-0.43 4-10 75-55 1350 
Heavy gray iron 4-6.5 80-120 35-53 0.30-0.40 8-13 61-50 1380 
Light malleable 6-8 20-30 46-53 0.43-0.50 8-13 120-92 1380 
Heavy malleable 5.5-7.5 40-60 46-53 0.30-0.45 8-13 85-70 1380 
Light steel 2-4 125-200 46-53 0.50-0.75 4-10 56-45 1450 
Heavy steel 2-4 130-300 46-53 0.50-0.75 4-10 62-38 1500 
Steel (dry sand) 4-6 100-200 46-53 0.75-1.00 6-12 60-45 1450 
 
5.2.2.2. Clay content 
To determine the clay percentage a 1000g sample of sand was dried at 110°C .The 
dried sample was taken in one litre glass flask and added with 475 ml of distilled water and 
25 ml of a one percent solution of caustic soda. This sample was thoroughly stirred. After 
the stirring, for a period of five minutes the sample was diluted with fresh water up to a 
150 mm graduation mark and the sample was left undisturbed for ten minutes to settle. The 
sand settled at the bottom and the clay particles washed from the sand have been floating in 
the water. 125 mm of this water was siphoned off the flask and was again topped to the 
same level and allowed to settle for five minutes. The above operation was repeated till the 
water above the sand became clear, which is an indication that all the clay in the moulding 
sand has been removed. The sand was removed from the flask and dried by heating. The 
difference in weight of the dried sand in 1000g gives the clay percentage in the mould 
sand. The test showed that the clay percentage is 14% while in the case of casting 
aluminum, the recommended clay percentage in the moulding sand is 12-18% (1, 3) 
 
5.2.2.3. Sand grain size 
To find out the sand grain size, a sand sample which was devoid of moisture and 
clay as that obtained after the two previous tests was used further. The dried clay-free sand 
grains of 4990g were placed on the top sieve of a sieve shaker as shown in figure 5.1 
which contains a series of sieves one upon the other with gradually decreasing mesh sizes. 
The mesh sizes are standardized as shown in table (5.2). The sieves were shaken 
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continuously for a period of fifteen minutes. After this shaking operation, the 
sieves were taken apart and the sand left over, on each of the sieves was carefully 
weighed. 
 
 
 
 
 
 
 
 
 
 
Figure 5.1: Grain fineness tester 
 
The sand retained on each of the sieves expressed as a percentage of the total 
mass was plotted against the sieve number as in figure 5.2 to obtain the grain distribution 
chart. But more important is the Grain Fineness Number (GFN) which is a quantitative 
indication of the grain distribution. To calculate the grain fineness number, each sieve has 
been given a weightage factor. The amount retained on each sieve is multiplied by the 
respective weightage factor, summed up, and then divided by the total mass of the 
sample, which gives the grain fineness number. The same can be expressed as: 
1.5..............................:
∑
∑
∫
∫
=
i
iM
GFN  
Where Mi = multiplying factor for the ith sieve 
            fi = amount of sand retained on the ith sieve in gm 
By the above definition the grain fineness number is the average size and 
corresponds to a sieve number through which all the sand grains would pass through, if 
they are all of the same size and its value is between 40 and 220 for those sands used by 
most foundries. Though the sand properties depend on both the grain size and the grain 
size distribution, GFN is a very convenient way of finding the sand properties since it 
takes. 
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both into account. This test was carried in United Arab Emirates (U.A.E) by Seashore 
Metal Factory. The results obtained as in table 5.1 show that the sand variety is suitable for 
casting Aluminum alloys, cast iron alloys, copper alloys and cast steel alloys. 
 
 
 
Table 5.2: Sieve analysis (24). 
Sieve 
number 
Mesh 
opening 
(mm) 
Multiplying 
factor Mi 
Retained 
sample fi 
(g) 
Retained 
percentage 
pi 
MixPi Mixfi 
40 0.414 30 249.5 5 150 7485 
50 0.295 40 1397.2 28 1120 55888 
70 0.208 50 2395.2 48 2400 119760 
100 0.147 70 698.6 14 980 48902 
140 0.104 100 249.5 5 500 24950 
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Total    4990.0 100 5150 256985 
 
50.51
4990
256985
50.51
100
5150
==
==
GFN
GFN
 
 
5.2.2.4. Permeability 
Since ramming operation is one of the factors that affect the permeability of sand 
mould, it is necessary that the specimen has to be prepared under standard conditions. To 
get reproducible ramming conditions, a laboratory sand rammer as shown in figure 5.3 was 
used along with a specimen tube. A quantity of 175 g of sand was introduced in the 
specimen tube, and a fixed weight of 7.25 kg was allowed to fall on the sand three times 
from a height of 50.8 ± 0.125mm.The specimen produced have got a height of 50.8 ± 
0.8mm which showed that compaction degree was achieved. The standard sample of sand 
produced was used for determining its permeability number as explained here in later. 
The rate of flow of air passing through a standard specimen as shown in figure 5.4 
under a standard pressure is termed as permeability number. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 5.3 : sand specimen rammer 
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The standard permeability test is to measure time taken by a 2000cm³ of air at a 
pressure typically of 10 g/cm², to pass through the standard sand specimen confined in a 
specimen tube. The standard specimen size is 50.8mm diameter and a length 50.8mm.then, 
the permeability number, PN is obtained by substituting the data in the relation below:- 
2.5........................................
TAP
HV
PN
××
×
=  
Where V = volume of air = 2000cm³ 
          H = height of the sand specimen = 5.08cm 
          P = air pressure, 10 g/cm² 
         A = cross-section area of sand specimen = 20.268cm² 
         T = time in minutes for the complete air to pass through = 1.2 min (observed) 
Inserting the above values into the expression, the result obtained is as follows:- 
7735.41
2.1268.2010
08.52000
=
××
×
=PN  
5.2.2.5. Green compression strength 
Green compression strength or simply green strength generally refers to the stress 
required to rupture the sand specimen under compressive loading. The sand specimen was 
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taken out of the specimen tube and was immediately (any delay causes the drying of the 
sample which increases the strength) put on the strength testing machine and the force 
required to cause the compression failure was determined. The green strength of the sand 
obtained is 50 kPa. While the green strength of sand is generally in the range of 30 to 160 
kPa (3, 7). 
5.2.2.6. Green shear strength 
With sand similar to the above test, a different adapter was fitted in the universal 
machine so that the loading was made for the shearing of the sand sample. The stress 
required to shear the specimen along the axis was then represented as the green shear 
strength. The green shear strength observed is 40 kPa. The green shear strengths of sands 
generally vary from 10 to 50 k Pa. [1, 9] 
 
5.2.2.7. Dry strength 
The tests similar to the previous one were carried with standard specimens dried at 
110°C for two hours. Since the strength greatly increases with drying, it is necessary to 
apply larger stresses than that for the previous tests. The dry compression strength found in 
moulding sand is 1500 kPa, while the range of dry compression strengths found in 
moulding sands are from 140 to 1800 kPa. [9, 13] 
Also at the same location where this variety of sand is available the other various 
types of sands required for constructing the proper sand moulds are also available. These 
types of sand are known as core sand, facing sand and back-up sand. 
5.2.3. Pattern and core box preparation 
The P.V.V.. device to be manufactured by sand casting consists of five parts. The 
main part is having an irregular shape, such that the pattern of which is very difficult to 
make, whereas the other four components are very simple and easy to produce. As shown 
in photo 5-1 the pattern of the big part was made of timber. 
 
 
 
 
 
 
 
Photo 5.1:Pressure vacuum valve (P.V.V.) big part pattern  
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It was made with respect to the aluminum behavior, which shrinks during 
solidification time. An allowance of 15 mm/m was considered in the overall size of the 
pattern which is quite sufficient to compensate for the shrinkage that would have occurred 
during the casting process [1, 15]. 
The core box as shown in photo 5.2 was also made of timber. The core box has been 
used for constructing cores which is used further to form cavities in the castings. The cores 
constructed are to satisfy the following characteristics:- 
a. The cores are strong enough such that they retained the shape before they have 
been baked. 
b. The cores made, have dry strength so that when they were placed in the mould 
they have resisted the metal pressure that has acted on them  
c. The core made have enough refractoriness and permeability. 
d. The cores are made such that they have good collapsibility to avoid occurrence 
of hot tears in castings.  
e. The cores were made such that after the castings cool down, they should be 
easily removed from the castings.   
These elements (pattern and core box) were made by a very skilled, professional 
pattern maker. 
 
 
 
 
 
 
 
Photo 5.2:P.V.V. Core box 
However, pattern and core box making is tedious and very time consuming, the out 
put results are very encouraging. All auxiliary objects in the sense of patterns and core 
boxes were made in accordance with the descriptions provided in photo (5.1) & (5.2). 
Timber used for making these elements is available in Sudan local market. 
5.2.4. Mould design 
Design calculations were made to the components forming the mould utilized for 
manufacturing the P.V.V. These components are:- 
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i. Cope and drag 
ii. Sprue 
iii. Choke  area , Runner and ingate 
iv. Riser 
 
5.2.4.1. Cope and drag 
These are two steel boxes having neither bottom nor top cover. They are quite 
similar. They are made of steel plate 5mm thick, to provide strong container suitable for 
the construction of the sand mould. The size of each half is 60 x 40 x 30 cm. It is designed 
so big to offer enough volume for fixing the sprue, runner, riser and the casting cavity.  
 
5.2.4.2. Sprue design 
It was designed tapered down to provide gain in velocity of the metal as it flows 
down reducing the air aspiration. The tapering is obtained by the equation of continuity. 
5.5..................................................
4.5....................................................
3.5..................................................
h
V
t
c
ct
t
c
ct
cctt
h
AA
V
AA
VAVA
=
=
=
 
Where At = area of sprue top, mm² 
           Ac = choke area, mm²  
           Vt = velocity of the molten metal at sprue top m/sec    
           Vc= velocity of the molten metal at the choke area 
           ht = effective total height of sprue basin, mm 
           hc = sprue height, mm 
 
Since the velocities are proportional to the square root of the potential heads, as can 
be derived from Bernoulli’s equation, the above square root suggests that the profile of the 
square should be parabolic if it is exactly done as per the above equation. But making 
 a parabolic sprue is too inconvenient in practice and therefore it was made a straight taper. 
It has been found that a straight tapered sprue is able to effectively reduce the air aspiration 
as well as increase the flow rate compared to the parallel sprue. 
In order to obtain the proper dimensions of the sprue, its top diameter is taken 60 
mm. Hence the other parameters are calculated using data given in Table (5.3) which show 
 123
the theoretical values of area ratios of top and bottom portion of the sprue based on sprue height 
and metal head in the pouring basin. The following parameters were considered:- 
1. Sprue top  diameter = 60 mm (assumed) 
2. Ratio of sprue top and bottom diameters 1.732 
3. Then the corresponding sprue bottom diameter is calculated as follows:  
mmD
D
c
c
46
732.1
6060
2
=
=
×
   
Where Dc= Diameter of choke opening 
H = 50 mm 
Hc= h + H 
Hc = 100+ 50 = 150 mm  
Though these ratios are theoretically correct, often it is not possible to control exactly the 
amount of the head in the pouring basin during the pouring process. Hence it is general practice 
to neglect the effect of the pouring basin head and proportion the sprue top solely based on the 
sprue height alone. 
 
Table 5.3: Theoretical ratios of sprue top and choke areas based on pouring 
basin depth (18). 
Sprue height, mm 
              h  
Depth in pouring basin, mm (H) 
50           100           150           200           250 
50 
100 
150 
200 
250 
375 
500 
600 
1.414      1.225        1.155        1.118        1.095 
1.732      1.414        1.291        1.225        1.183  
2.000      1.581        1.414        1.323        1.265 
2.236      1.732        1.528        1.414        1.342 
2.450      1.871        1.633        1.500        1.414 
2.915      2.179        1.871        1.696        1.581 
3.317      2.450        2.082        1.871        1.732  
3.742      2.739        2.309        2.062        1.897 
 
5.2.4.3. Choke area, runner and ingate 
Then for designing the choke area, the pouring time first has to be calculated using the 
following relation and data:- 
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To calculate the pouring time, the given data were taken from the P.V.V. data sheet 
and substituted in equation 5.6  
Pouring time, t = 6.5.......................................sec
59.14
41.1 M
T






+  
Given data:- 
 
          K= 
40
 inchesin  metal ofFluidity 
= 
40
22
     (for aluminum)  
                                        
  T = average section thickness = 15 mm 
           M = mass of the casting = 15 Kg 
Then the pouring time is calculated as follows:- 
.sec515
59.14
15
41.1
40
22
=




=t  
Then the choke area is calculated by using equation (5.7) 
7.5..............................................
2ghtC
M
A
ρ
=  
 
Where A = choke area, mm² to be calculated. 
           M = casting mass = 15 Kg 
            t = pouring time = 5 sec. 
           ρ= mass density of the molten metal, 6.9x10-6 kg/mm³ 
           g = acceleration due to gravity = 9800 mm/s² 
          h  = effective metal head (sprue height) = 100 mm 
          C = efficiency factor which is a function of the gating system used assumed to be 0.8 
Then the choke area =   2
6
388
100980028.059.6
1015
mm=
××××
×
   
                        
 Hence the ratio of choke area: runner: ingate is 1:4:4 
5.2.4.4. Core construction 
Using the core box, a core for providing the cavity of the valve was made of sand 
mixed with bentonite as a binding material. The core was reinforced with two pieces of 
steel bar 12mm diameter and 400 mm long. It was exposed to the air for 48 hours to dry. 
But it can be minimized if a drying facility is used. 
5.2.4.5. Riser design 
In order the riser to be able to feed the casting, it should solidify last and hence its 
freezing ratio should be greater than unity. In designing the riser the following empirical 
relationship is used:- 
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8.5..................................................c
by
a
x −
−
=  
Where 
x = Freezing ratio 
y = Riser volume/ casting volume  
From table (5.4) the values of the constants taken are as follows:  
a = 0.1 
b = 0.06 
c = 1.08 
The dimensions of the riser selected are as follows:- 
Diameter= 5cm 
Height= 10cm 
Then the volume of the riser calculated is 319710142.3
4
55
cm=××
×
 
c
by
a
x −
−
=  
y = riser volume/ casting volume 
Volume of  P.V.V. = 
density
Body P.V.V of  Mass
 
Casting volume =  32174
9.6
15000
cm=  
 
045.208.1125.308.1
032.0
1.0
08.1
06.0092.0
1.0
092.0
2147
197
=−=−=
−
−
=
==
X
y
      
 
Since 2.045 > 1 then the riser is properly designed 
Table 5.4 : Contains constants used in riser design (1). 
Material 
 
a b c 
 
Steel 0.10 0.03 1.00 
Aluminum 0.10 0.06 1.08 
 Cast iron, brass 
[12.2] 
0.04 0.017 1.00 
Grey cast iron 
[12.3] 
0.33 0.030 1.00 
Aluminum bronze 0.24 0.017 1.00 
Silicon 0.24 0.017 1.00 
 
  
 
126 
 
5.2.5. Mould construction procedure 
The pattern half was covered with 2.5 cm of riddled sand. Then the sand was 
tucked around the pattern piece with fingers. 
The flask (drag) was filled with heap sand. The sand around the other edge of the pattern 
piece and inside the edge of the flask was carefully rammed. This step was repeated until 
the flask became full with sand. 
The excess sand level with the top of the flask was stroked off, using a strike-off 
bar. The same above steps were followed for making the other half of the mould which is 
called the cope. The cope was placed on the drag part to complete the mould. The mould 
was vented by using the vent wire which formed holes in the sand for the escape of the 
steam and gases when the molten metal is poured into the mould. A 6 mm thick layer of 
loose sand on top of the flask to form a bed for the bottom board was placed. The bottom 
board was placed and rubbed to a firm bed. The mould board, drag and bottom board were 
lifted off the bench as a unit and rolled, whereas the edge of the bench was used as a center 
of rotation. The mould board was removed. The joint of the mould were made with the 
trowel. Parting powder was dusted on the joint. The cope part of the flask was placed in 
position. Sprue pin was set in position. The half of the pattern was covered with 2 cm of 
riddled sand. The rest of the cope was filled to the maximum level with cheap sand 
(Backup) and carefully rammed.  
The strike-off bar was used for removing surplus sand from cope. The cope was 
vented with the vent wire carefully such that the pattern half was not stroked with the vent 
wire. 
The sprue pin was removed from its position. The mould was opened by lifting the 
cope from the drag. The cope turned with the face up on a board at the side of the bench. 
The pouring basin was reamed out. The sand around the edge of the pattern was moistened 
with a swab and a little water; for the strengthening, the edges of the mould when the 
pattern is removed. A sharpened draw spike was lightly driven into the wood pattern half. 
It was lightly rapped with a rapping iron in order to free the wood pattern half from the 
mould. the pattern half was lifted from the mould with a draw spike with the aid of one 
hand while the other hand is used to steady the pattern half so that it will not damage the 
mould. 
The same step was made for the other pattern half located into the drag. Hence the 
drag and the cope of the mould were made. On the drag part of the mould, the gates 
connecting the bottom of the sprue opening with the runner and with the mould cavity 
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were cut. The gating ratio was considered and taken as 1:4:4 as it ensures clean flow of 
metal into the mould cavity. All loose sand was blown out. The two halves of the mould 
were jointed together forming the mould. They were placed on the pouring floor after the 
mould has been constructed ready to receive molten metal. 
 
5.2.6. Metal melting, pouring and castings removal 
Approximate amount of aluminum was calculated. The capacity of the crucible 
which has been selected for melting the aluminum is 250 kg. 
Since the main part of the P.V.V. is weighing 15 kg, ten sand moulds were prepared for 
each melt. The furnace selected for the melting aluminum is a stationary gas oil fired fixed 
crucible one. 
Aluminum material was collected from scrap areas, mainly represents old 
households and defective car parts. 
The furnace crucible was charged with scrap metal. The furnace was fired to heat the 
charge. The heating process took 40 minutes to raise the temperature of metal to 640ºC at 
which all the aluminum metal was converted into molten metal. 
A suitable pouring crucible of 60 kg capacity was selected for handling the molten 
aluminum from the furnace to the casting floor where the ready moulds were filled with 
molten metal. The castings were left for four hours till they were completely solidified, 
then with the help of mould shaker, the castings were freed from the core sands and other 
projected materials. 
5.3. Die casting experiments 
Job No.:2 Aluminum Tying Rods 
Material: Aluminum alloy 
The experiment was performed for the production of an element used by NEC which is 
used for breaking the electric circuit. For putting the die-machine in an efficient productive 
condition the following settings, calculation and procedure were made:-  
a. Setting the die 
b. Setting the necessary closing force 
c. Motor-driven central die-height adjustment 
d. Setting the injection speed 
e. Determination of maximum weight of castings 
f. Preheating the pressure die-casting die 
g. Commencement of casting 
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5.3.1. Setting the die 
1. The fixed die half was mounted on the fixed die part. 
2. The movable die half was suspended from the guide bars. 
3. If  tie bars have been extracted, then these were re-inserted and fixed. 
4. Locking parts were set to the necessary die height.  
5. Ejector dowels were screwed into the die. 
6. The locking parts were closed slowly (throttle). As they close the ejector dowel 
advances into the lock of the ejector, from which the lock bar has previously 
been removed. 
7. Movable die half was clamped to in position. Lock bar for ejector dowel was 
mounted and secured.  
8. Ejector stroke was set such that the ejector plate in the advanced position has a 
clearance of about 5mm in the die, in order to prevent the full ejector force 
acting on the die. 
9. Machine was switched off and waited for sometime until pressure gauges no 
longer indicate pressure. 
10. Core puller piping was connected. 
11. Core puller and ejector plugs were connected 
 
5.3.2. Setting the necessary closing force 
The double knuckle-jointed system used was adjusted to the correct setting of the 
locking parts. The casting forces occurring during injection were taken up without 
difficulty, since the entire locking mechanism has got a certain pre-load, which is greater 
than the casting forces acting on the die. It is important that this setting operation was 
carried out after the pressure die-casting die has been preheated, since the longitudinal 
expansion of the die as a result of heating up was not taken into account.  
5.3.3. Motor-driven central die-height adjustment 
By means of the pushbutton "die height" on the control console, the die height was 
set. Upon operating the switch "up" the die height increased. Setting was made to take 
place for that value for which the die still remains exactly closed, that is, the knuckle-
jointed system was pressed together in the end position. Pre-tensioning was made to the 
maximum value, since the locking cylinder was so dimensioned, then the permissible 
closing force exceeded, the machine could no longer close. After the final setting, the 
driving shaft of the gear-reduction motor was automatically blocked. 
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5.3.4. Setting the injection speed 
Endeavours were made to select the injection speed to be as low as possible. These 
facilitate escape of air enclosed in the die, vibrations of the machine due to the impact were 
limited to the absolutely necessary value and thus the service life of the machine is 
increased. 
5.3.5. Determination of maximum weight of castings 
For cold chamber pressure die-casting machine with horizontal injection sleeve 
arrangement, the weight of castings is calculated as follows:- 
The maximum weight of casting is determined from the injection sleeve charging volume 
taking into account that the sleeve is only ⅔ filled. 
Weight of sleeve charge G (kg) 
9.5............................................
10004
66.0 2
kg
hD
G
×
××××
=
γπ
 
D = Injection sleeve dia. 5 cm 
h = Injection plunger stroke (cm) = 20cm 
γ = Specific weight of the alloy 
γ = 6.9 g/cm³ for Al- alloy 
Then  
10004
9.620142.35566.0
×
×××××
=G  
Since one shot gives 8 castings, each one weighs 15g and the eight castings weigh    
120 g. Then the die has been properly designed as the total weight of the castings and the 
biscuits which weighs 500g are less than the weight of the sleeve charge. 
5.3.6. Preheating the pressure die-casting die 
After the pressure die-casting die was mounted, it was preheated to a temperature 
of 200º C. Preheating was done by injecting molten aluminum in the die three times before 
affecting the intended experiment. Also it can be made by using burners, which can be 
positioned either below the die or between the die halves. But great care must be taken of 
the parts which can easily be overheated and lost their hardness such as ejector pins and 
thin-walled parts.  
5.3.7. Commencement of casting 
Before triggering the shot the throttle for regulating injection speed was, first of all, 
opened only half-way. The timing clock for plunger dwell solidification time was set 
approx. 3 sec., the die was thoroughly cleaned, plunger and ejector pins were lubricated 
and the temperature of the die was checked. To start with, the die cooling system remains 
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shut off. The first castings made showed surface waviness and undesirable marks, since 
the correct die temperature has not yet been attained. It is possible only to check the correct 
setting of the timing clock for plunger dwell solidification time. Thick-walled parts require a 
longer solidification time than thin-walled. The solidification time was set such that the die-cast 
part already holds its shape but can still be ejected without difficulty. If cooling is excessive 
there is a danger that the die-cast part can no longer be lifted clear of the die-half due to 
shrinkage. Sound castings were produced after a series of injection shots. Before modifications 
to the tools (gate, die cavity edges and venting) were made by filing and smoothening their 
surfaces and edges, a sufficient number of trials with wax material at various injection plunger 
speeds and bath temperatures were carried out. Attention must also be drawn to the fact that parts 
with high surface finish requirements require the shortest charging time of the die, that is, high 
injection plunger speeds as well as high die and metal bath temperature. The process performed 
is illustrated in figure 5.5, 5.6, 5.7 & 5.8. 
 
Figure 5.5 : Molten metal pouring 
With the injection plunger retracted, the molten metal was poured into the sleeve through 
the open filler opening (B) as shown in figure 5.5. 
 
 
 
 
 
 
 
 
Figure 5.6 : Molten metal injection 
 131
Figure 5.6 : Molten metal injection 
Injection plunger A injected the molten metal into the die as shown in figure 5.6. 
 
 
 
 
 
 
 
 
Figure 5.7 : Die-opening 
Die half C (together with the die-cast part) retracted to the left, the die opened as 
shown in figure 5.7. 
 
 
 
 
 
 
 
 
Figure 5.8 : Parting-off of gate E 
Ejector D ejected the die-cast parts from the die using the ejector pins; the part was 
removed; gate E was parted off as shown in figure 5.8. 
5.4. Centrifugal casting experiment:- 
Job number 3:   Aluminum cylinder having the following dimensions:- 
Out side diameter: 14.5    cm 
Inside diameter    : 11.5   cm 
Height                  : 25.5   cm 
Material               :   Aluminum alloy  
Calculated volume = (π/4) (25.5) ((14.5²) - (11.5²)) = 1562.15 cm³ 
Density                  = 6.9 g / cm³ 
Weight                   = 6.9 x 1562 = 10778.83 g 
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5.4.1. Governing rules 
For maintaining high quality products, the equations 4.5,4.6,4.7& 4.8 were 
considered and used for calculating the G.F .  
10.5............................./2 RmvF =  
Where F= force (N); m=mass (kg); v= velocity, (m/s); and R=inside radius of the mould 
(m). The force of gravity is its weight W= mg, where W is given in (kg), and g=acceleration 
of gravity (=9.81 m/s2). 
The G-factor GF is the ratio of centrifugal force divided by weight. 
11.5................................./// 22 RgvRmgmvWFGF ===  
Velocity v can be expressed as πRN/30, where N= rotational speed, rev/min. 
substituting this expression into equation 4.6 to equation 4.7 as stated hereunder : 
( )( ) 12.5....................................../30/ 22 gNRGF π=  
Rearranging this to solve for rotational speed N and using diameter D rather than 
radius in the resulting equation, the equation becomes:- 
( )( ) 13.5................................../2/30 21DgGFN π=  
Where D inside diameter of the mould (m). If the G- factor is too low in centrifugal 
casting, the liquid metal will not remain forced against the mould wall during the upper half 
of the circular path but will "rain" inside the cavity. Slipping occurs between the molten 
metal and the mould wall, which means that the rotational speed of the metal is less than that 
of the mould. On an empirical basis, values of GF=60 to 80 are found to be appropriate for 
horizontal centrifugal casting, although this depends to some extent on the metal being cast. 
For this experiment GF taken is 70.  
Then by substituting the data of object intended to be produced in the equation (5.12 
and 5.13) the optimum speed of the machine is calculated as follows. 
( )( )
( )
( )
( )
rpmN
D
GFg
N
g
N
DFG
1647
559.45
13734030
5.14142.3
70981230
.2
30/
2/.
2
==
×
××
=
=
=
π
π
 
 
5.4.2. Commencement of casting:- 
For obtaining sound castings the following steps were followed:- 
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i First of all the suitable mould for producing the intended object was fitted to the 
machine. 
ii The machine was firstly started and its required speed was adjusted at 1647 
r.p.m. 
iii The carriage taking the pouring basin and the sprue was brought near to the 
rotating mould. Then the sprue bottom portion was inserted into the mould.  
iv A definite quantity of molten aluminum metal which is quite sufficient for 
producing the intended object was poured completely without stoppage.  
v The machine was kept running for fifteen minutes under water cooling operation 
to provide good solidification conditions. 
vi Then after the mould with the casting got cooled, it was disconnected and the 
casting was removed from the mould. 
 
5.5. Results of sand casting, die-casting and centrifugal casting 
experiments   
The results of the experiments are shown below in photos (5.3),(5.4),(5.5),(5.6),  
(5.7) and (5.8).   
5.5.1. Products of sand casting process experiments:  
 
 
 
 
 
 
 
Photo 5.3: Pressure vacuum vent valve made of aluminum alloy 
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Photo 5.4: Transfer centrifugal pump made of cast iron alloy  
 
 
 
 
  
  
  
  
Photo 5. 5: A complete transfer centrifugal pump set  
 
die casting process experiments: 5.5.2. Products of  
 
  
  
 
  
  
 
 
 
Photo 5.6: The products In the die of die- casting machine  
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Photo 5.7 :Die casting products made of aluminum 
5.5.3. Products of centrifugal casting process experiments: 
  
 
 
 
 
 
 
 
Photo 5.8: A cylinder made of aluminum alloy by the centrifugal casting 
process 
5.6.Analysis and discussion 
From the visual inspection made and destructive tests conducted on the products of 
the three experiments the following observations and remarks are noticed:- 
5.6.1. Elimination of air defects 
Due to the correct design calculations made and proper application of metal casting 
techniques, the objects obtained are free from air defects associated with sand casting 
products like blow holes, open blows, air inclusion and pinhole porosity. All these defects 
are caused to a great extent by the lower gas passing tendency of the mould which may be 
due to lower venting, lower permeability of the mould and improper design of the casting. 
The lower permeability of the mould is, in turn, caused by finer grain size of the sand, 
higher clay, higher moisture, or by excessive ramming of the moulds. The remedies made 
for every specific defect is as follows:- 
5.6.1.1. Blow holes and open blows 
 They are spherical, flattened or elongated cavities present inside the casting or on 
the surface as shown in Figure 5.5 On the surface they are called open blows and inside, 
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they are called blow holes. These are caused by the moisture left in the mould and the core. 
Because of the heat in the molten metal, the moisture is converted into, steam, part of  which 
when entrapped in the casting ends up as blow hole or ends up as open blow when it reaches 
the surface. A part from the presence of moisture, occurs due to the lower venting and lower 
permeability of the mould. In green sand moulds it is very difficult to get rid of the blow 
holes, unless proper venting is provided as done in this experiment. In this research the 
mould material has been properly selected and all other design measures are greatly 
considered such that the products achieved are of good quality. 
  
  
  
  
  
  
Figure 5.5 : Air defects on surface of metal casting products 
5.6.1.2. Air inclusions 
As the atmospheric and other gases absorbed by the molten metal in the furnace, in 
the ladle, and during the flow in the mould, when not allowed to escape, would be trapped 
inside the casting which further develop a weak point. The main reasons for this defect are 
the higher pouring temperatures which increase the amount of gas absorbed; poor gating 
design such as straight sprues in unpressurised gating, abrupt bends and other turbulence 
causing factors in the gating, which increase the air aspiration. The remedies made are the 
determination of the appropriate pouring temperature and improvement of gating system for 
reducing the turbulence. The results achieved show the above mentioned defects were 
absolutely avoided and the products obtained are air inclusions defect free. 
 
5.6.1.3. Pinhole porosity  
The products are free from pinhole porosity which is normally caused by hydrogen 
in the molten metal. This could have been picked up in the furnace or by the dissociation of 
water inside the mould cavity. As the molten metal gets solidified, it loses the temperature 
which decreases the solubility of gases and thereby expelling the dissolved gases. The 
hydrogen while leaving, the solidifying metal would cause very small diameter and long 
pinholes showing the path of escape. These series of pinholes cause the leakage of fluids 
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under high operating pressures. The main remedies made are the proper control of the 
pouring temperature to avoid the increase of the gas pick-up and the verification that no 
water or excessive moisture is available in the mould cavity. 
 
5.6.1.4. Shrinkage cavities 
Are caused by the liquid shrinkage occurring during the solidification of the casting. 
The products do not show this defect because the moulds constructed have been provided 
with well calculated risers to feed the casting for compensating these shrinkage cavities 
which might have occurred. 
5.6.2. Elimination of moulding material defects 
Under this category are those defects which are caused because of the characteristics 
of the moulding materials. The defects that can be put in this category are: cuts and washes, 
metal penetration,' fusion, run out, rat tails and buckles, swell, and drop. These defects occur 
essentially because the moulding materials are not of requisite properties or due to improper 
ramming. The remedies are as follows:- 
5.6.2.1. Cuts and washes  
These appear as rough spots and areas of excess metal, and are caused by the erosion 
of moulding sand due to the flowing of molten metal. This may be caused by the moulding 
sand not having enough strength or the molten metal flowing at high velocity. The former 
was remedied by the proper choice of moulding sand and appropriate application of 
moulding method. The latter was taken care of by altering the gating design to reduce the 
turbulence in the metal, by increasing the size of gates or by using multiple in gates. 
5.6.2.2.   Metal penetration 
When the molten metal enters the gaps between the sand grains, the result would be 
a rough casting surface. The main reason for this is that, either the grain size of the sand is 
too coarse, or no mould wash has been applied to the mould cavity. This can also be caused 
by higher pouring temperatures. It was remedied by choosing appropriate grains size, 
together with a proper mould wash which showed that it is a proper solution for eliminating 
such kind of defects 
5.6.2.3. Fusion 
The results showed no presence of fusion defects on the products obtained. This 
defect if presents may be caused by the fusion of sand grains with .the molten metal, giving 
a brittle, glassy appearance on the casting surface. The main reason for this defect is that   
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the clay in the moulding sand is of lower refractoriness or that the pouring 
temperature is too high. The defect was avoided with the aid of selecting an appropriate 
type and amount of bentonite which successfully cured this defect 
5.6.2.4. Run out 
The results showed that this defect did not occur because the mould was properly 
constructed and contained in a correctly designed flask. A run out is caused when the 
molten metal leaks out of the mould. This may be caused either by faulty mould making or 
by a faulty moulding flask. 
Rat tails and buckles: Rat tail is caused by the compression failure of the skin of the 
mould cavity because of the excessive heat in the molten metal. Under the influence of the 
heat, the sand expands; thereby moving the mould wall backwards and in the process when 
the wall gives away, the casting surface may have this marked as a small line, as shown in 
Fig. 5.6 With a number of such failures, the casting surface may have a number of criss-
crossing small lines. Buckles are the rat tails which are severe. 
The main cause for these defects are: the moulding sand has got poor expansion 
properties and hot strength or the heat in the pouring metal is too high. Also, the facing 
sand applied does not have enough carbonaceous material to provide the necessary 
cushioning effect.  
Proper choice of facing sand ingredients and the pouring temperature were the 
measures that have been considered to reduce 'the incidence of these defects. 
5.6.2.5. Swell 
Under the influence of the metallostatic forces, the mould wall may move back 
causing a swell in the dimensions of the casting. As a result of the swell, the feeding 
requirements of castings increase which should be taken care of by the proper choice of 
rise ring.  
 
  
 
 
Figure 5.6: Formation of buckles in metal casting 
The main cause of this is the faulty mould making procedure adopted. But the 
techniques adopted have resulted in a correct constructed mould in the sense of ramming 
which as a result has eliminated the cause that makes this defect. 
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Drop: The dropping of loose moulding sand or lumps normally from the cope surface into 
the mould cavity is responsible for this defect. This is essentially, due to improper ramming 
of the cope flask. 
 
5.6.3. Elimination of pouring metal defects 
The likely defects in this category are miss-runs and cold shuts and slag inclusions. 
5.6.3.1. Miss-runs and cold shuts 
Miss-run is caused when the metal is unable to fill the mould which has been 
remedied by adopting a well designed choke area, runner and ingate to ensure complete 
filling of the cavity. 
A cold shut is caused when two metal streams while meeting in the mould cavity, do 
not fuse together properly, thus causing a discontinuity or weak spot in the casting. 
Sometimes a condition leading to cold shuts can be observed when sharp corners exist in a 
casting. 
These defects are caused essentially, by the lower fluidity of the molten metal or 
when the section thickness of the casting is too small. The latter can be rectified by proper 
casting design. This defect can also be caused when the heat removal capacity is increased 
such as in the case of green sand moulds. This defect was avoided by the following 
remedies:- 
i. The fluidity of the metal was increased by changing its composition and raising 
the pouring temperature. 
ii. The heat removal capacity was decreased such as in the case of the green sand 
mould, die-casting and centrifugal casting. 
iii. Proper design of casting such that the surface area to the volume ratio should not 
be too large and should be within the permissible range of the standard. 
Proper venting method has been made to avoid back pressure which might have 
occurred by the steam generated by the moisture of the green sand. Castings with large 
surface area to volume ratio are more likely to be prone to these defects. Further cause of 
this defect is the back pressure due to gases in the mould which is not properly vented.  
 
5.6.3.2. Slag inclusions  
Slag inclusion defect was eliminated by adding fluxes to the molten metal. The 
fluxes formed some oxides which were removed from the surface of the molten metal when 
it was floating before the pouring process.  
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5.6.4. Elimination of metallurgical defects 
The defects that can be grouped under this category are hot tears and hot spots. 
 
5.6.4.1. Hot tears 
Since metal has low strength at higher temperatures, any unwanted cooling stress 
may cause the rupture of the casting. The main cause for this is the poor casting design 
which was considered and properly treated by adding chills where necessary. 
 
5.6.4.2. Hot spots 
These are caused by the chilling of the casting. For example, with grey cast iron 
having small amounts of silicon, very hard white cast iron may result at the chilled surface. 
This hot spot will interfere with the subsequent machining of this region. Proper 
metallurgical control and chilling practices were essentially made for eliminating the hot 
spots. 
As seen from earlier paragraphs, the remedies of some defects are also the causes of 
others. Therefore great considerations have to be made for analyzing the casting from the 
viewpoint of its final application and thus arrive at a proper moulding procedure to eliminate 
or minimize the most undesirable casting defects. 
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CHAPTER SIX 
CONCLUSIONS AND RECOMMENDATIONS 
 
6.1. Conclusions 
From this study, it is concluded that the type of foundries used in the Sudan are of 
two types, a captive type which produces castings that are further used in products 
manufactured by the same organization as in the case of Yarmok Industrial Complex. The 
second type is a jobbing foundry which produces castings as per orders. No mass 
production foundry type which can contribute to the public market is noticed. Most of the 
on going activities produce parts for maintenance works only. 
It is also concluded that the main type of melting equipment used in Sudan are as 
follows:- 
i. Cupola furnaces. 
ii. Crucible furnaces. 
iii. Electrical furnaces. 
Most of the furnaces used are of small melting capacities. They can not serve mass 
production activities. The current activities in metal casting industry cover only sand 
casting processes, and some trials on investment and lost foam processes at Yarmok 
Industrial Complex. 
The study concluded that the techniques applied to the on-going industry are very 
poor and depend to far extent on the skilled labour. Therefore the industry of metal casting 
in its present situation does not contribute to the economy of the country (Sudan). 
As a result of adopting the scientific techniques to the experimental works, the 
outputs showed that the products obtained are technically sound as they are free from 
defects. However from the commercial side of view, the same parts that are locally 
produced are much cheaper than those imported. For example, an imported Pressure 
Vacuum Valve (P.V.V.) from Italy costs $ 1400 and the same locally produced one costs 
only $ 250.the cost break down is shown in appendix 2 
The study showed that Sudan has got high potentialities which can be used in metal 
casting industry. From the side of material there are a lot of iron ore and cupper, beside 
availability of big quantities of scraps of different metals. Also in the Sudan there are many 
different types of silica sands which can be used for constructing moulds. 
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It is concluded that the study provides a complete technical package which can be 
used to solve many of the metal casting problems. 
This study showed that the metal casting in the Sudan does not play any role to 
enhance the development of the country. The study concluded that, improving the design 
capabilities in metal casting is critical to the industry's ability to produce cast products that 
will be competitive in markets. Improved design capacities can enable metal casters to 
manufacture parts not currently possible with the on going practice and techniques. With 
respect to the current situation maintaining existing markets and opening new markets is 
critical to the technical viability of metal casting foundries.  
The metal casting industry will need to reduce its cost of production to become 
competitive with other manufacturing methods. In order to be competitive, the metal 
casting industry must be able to cost-effectively and consistently produce high-quality, 
high-performance cast products. In the absence of the technical capability to achieve this 
level of performance, the industry will continue to see high scrap and low yield rates. A 
number of factors combine to prevent the industry from making revolutionary process 
improvements. These include the lack of knowledge and control over the actual casting 
process; the need to improve operating and equipment efficiencies in the manufacturing 
stage; the inability of foundries to make financial investment due to overall cost in relation 
to foundries value and the lack of assurance of a reasonable return on investment; and the 
need to introduce advanced technologies which improve efficiency and performance in 
casting. Without significant improvements in metal casting processes, metal casters will 
face increasingly difficult competition in selling their products. It can also lead to increased 
competition from alternative production techniques such as forgings, stampings, 
fabrication and production by machining. 
Also improvements in casting techniques will reduce testing and tryout on the shop 
floor and replace it with computer-based design and analysis. This will significantly reduce 
energy and environmental impacts. Improved techniques capacities will also reduce 
defects, post casting operations, rejected castings, also save energy and reduce 
environmental emissions. The casting industry in the Sudan need to use a number of strong 
design tools and implement basic design principles. However, design capacities are still not 
well known and there is a lack of published data on tolerances as well as validated, widely 
available data on material properties and performance.        
The study concluded that additional data and equipment are needed to improve 
casting design and casting techniques. This includes alloy properties and performance data 
as well as the accurate simulation of casting performance based on alloy properties, stress 
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levels and solidification integrity. These improvements conclude that they can increase the 
value of metal components, reduce component weight, reduce manufacturing lead-times 
and assure product performance. They will assist in manufacturing better products with 
less cost and less energy. 
The study further concluded that, there are three interrelated areas of focus for the 
improvement of metal casting which are as follows:- 
i-Reduction of production costs:  
Opportunities to reduce labour and energy and make other improvements must be 
pursued. Lean manufacturing and other concepts to improve operating efficiencies need to 
be pursued as do activity-based cost accounting approaches. Revolutionary technologies 
and process changes also should be investigated to achieve metal casting without use of 
tooling. The industry should investigate the application and blending of shop floor layout, 
computer numerical control, and scheduling technologies to radically change the nature of 
production in the sense of inventory levels, and delivery performance in metal casting 
plants. 
ii- Reduction of the Energy of Cast Products: 
Energy can be reduced by improving product quality-thereby reducing scrap and 
melting requirements. Improvements in equipment and process efficiencies will also save 
energy. The industry should develop a complete understanding of thermophysical behavior 
of alloys in melting, flow, and solidification as well as the ability to accurately simulate 
these behaviors. 
iii- Waste Management: 
Process improvements are needed to enable increased reuse of foundry sand and 
other by-products and/or waste streams, more environmentally sound binders, and better 
emission treatment. Process improvements will also help to reduce scrap and thereby waste 
in casting processes.  
6.2. Recommendations 
There are many parameters, which affect the improvement of the metal casting 
techniques. As the techniques are associated with variations from one process to another 
the following recommended areas can be studied in the future by research students for 
further improvements in metal casting :- 
1- Improve lost foam casting technology. 
2- Define the advantages of semi-solid and squeeze casting technologies. 
3- Investigate new casting alloys. 
  
 
145 
4- Investigate cast metal matrix composites. 
5- Improve control and interaction of process variables. 
6- Improve dimensional control of castings. 
7- Investigate remedies processes for eliminating casting defects. 
8- Investigate processes for producing castings with thinner walls. 
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APPENDICES 
Appendix 1 
FOUNDRY TOOLS 
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Appendix 2 
Cost break down of a P.V.V. 
 
Item No. Description Cost (SD) 
1 Pattern P.V.V 50,000 
2 Core/one P.V.V. 50,000 
3 Material 20 kg 100,000 
4 Mould material/one P.V.V. 50,000 
5 Melting operation/P.V.V. 100,000 
6 Labour cost 100,000 
7 Finishing operation 100,000 
8 Other materials (bolts, paints & mesh) 50,000 
 Total cost for one P.V.V. 60,000 
 
Total cost in united states (US) dollars = $ 250 
Imported P.V.V. from Italy = $ 1400 
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Appendix 3 
QUESTIONNAIRE ABOUT METAL CASTING 
 
- Name of organization …………………………….. 
- Year of establishment …………………………….. 
- Type of organization (public or private )  
-    Number of employees who work for the organization …… 
-    Capacity of casting per year of each metal alloy: 
a- Iron or steel base alloys ……….. 
b- Copper base alloys ……………... 
c- Aluminum base alloys ………. 
d - Magnesium alloys. 
 e - Zinc alloys. 
  f-   Nickel alloys. 
g- Others (specify) 
 
What type of Fuel your organization uses for melting metals: 
- Coal – Coke – Gas – Oil – Electricity-others (specify) 
Determine the types of furnaces your foundry is equipped with for 
melting metals:- 
a) Cupola. 
b) Rotary furnace  
c) Air furnace (reverberatory furnace ) . 
d) Open hearth furnace . 
e) Converter. 
f) Crucible furnaces. 
  a-  Pit type. 
       b - Tilting  type . 
        c -  Bale-out type . 
g) Pot furnace 
   a -  Stationary 
   b - Tilting  
h) Electric furnace  
  a-    Arc furnace 
  b-    Low frequency induction furnace 
       c-   High frequency induction furnace  
i) Others (specify). 
 
Specify the types of fluxes your organization uses in casting: 
a- Limestone. 
b- Sodium carbonate. 
c- Nitrogen, Helium Chlorine (gaseous fluxes). 
d- Charcoal. 
e- Others (specify) 
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Determine the refractory materials your foundary uses in furnaces lining 
and mould making: 
* Acid Refractory: 
   Silica – Aluminum silica – Alumina - Silimanite –(others (specify). 
 
 
* Basic Refractory: 
   a- Magnesia. 
b- Dolomite. 
      c-  Others (specify) 
* Natural Refractory: 
      a- Chromite. 
   b- Graphite. 
        c- Others (specify)  
What materials used for making patterns: 
Wood – Metal – Plastic –  wax- plastic foam (polystyrene)- plaster – 
others (specify). 
 
Determine types of wood used for making patterns: 
- White pine – teak – Mahogany- Deodar- Others (specify) 
 
Determine types of metals used for making patterns: 
      a)Aluminum and Aluminum alloys. 
 b)Steel. 
 c)Cast iron. 
 d)Brass. 
 e)White metal. 
 f) others (specify) 
Specify materials used for making plaster patterns: 
a) Plaster of  Paris. 
b) Gypsum cement. 
c) Others (specify) 
What types of patterns   your foundry commonly uses: 
a) One piece pattern. 
b) Split pattern. 
c) Loose piece pattern  . 
d) Match plate pattern. 
e) Cope and drag pattern. 
f) Gated pattern. 
g) Segmental pattern. 
h) Follow board pattern. 
i) Sweep pattern. 
j) Skeleton pattern. 
k) Others (specify)  
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Mention the types of mould commonly your foundary uses: 
a)Permanent moulds. 
     b) Temporary moulds. 
     c) Others (Specify)  
 
Specify materials for making permanent moulds: 
a)Steel  
b) Grey C.I 
c)Others (specify) 
 
Specify materials for making temporary refractory moulds: 
a) Silica sand. 
b) Graphite/Carbon. 
c) Zircon. 
d) Magnesite. 
e) Olivine. 
f) Dolomite. 
g) Silimanite. 
h) Others (specify)…………  
 
Specify the sources of moulding sand your foundary commonly uses: 
a) River beds. 
b) Sea 
c) Lakes. 
d) Desert. 
e) Others (specify)………… 
 
Determine types of sand commonly used for making moulds: 
a) Natural sands. 
b) Synthetic sands. 
c) Loam sands. 
d) Others specify 
Specify the  ingredients of moulding sands: 
a) Refractory sand grains. 
b) Binders. 
c) Water. 
d) Additives. 
e) Other (specify)………… 
Determine the types of binders commonly used in your foundary practice  
for making sand moulds. 
a) Organic binders (Lin seed oil and marine animal oil). 
b) In organic Bindeers (fire clay, bentonite, silica floor, Iron oxide). 
c) Other binders (Portland  cement &  rubber cement) . 
d) Other (specify). 
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Mention the various sand control tests your organization 
 usually performs on Moulding sands & Core sands.: 
a- Moisture content . 
b- Clay content . 
c- Grain fineness . 
d- Permeability . 
e- Strength . 
f- Hot strength. 
g- Refractoriness . 
h- Mould hardness. 
i- Others (specify) 
 
Determine the applications for which your foundary commonly uses cores: 
a- Hollow castings. 
b- External undercut features. 
c- Deep recess in the castings. 
d- To form gating system of large size moulds. 
e-  others (specify) 
Mention the types of moulds your organization usually utilizes: 
a) Green Sand mould. 
b) Dry sand mould. 
c) Skin – dried mould. 
d) Air dried mould. 
e) Core sand mould. 
f) Loam mould. 
g) Shell mould. 
h) Cement bonded sand mould. 
i) Metal moulds or dies. 
j) Investment mould. 
k) Ceramic mould. 
l) Plaster mould. 
m) Graphite mould. 
n) Sodium silicate – CO2 mould 
 
Determine the components of the gating system usually used by 
 your foundarymen:- 
a) Pouring cups and basins. 
b) Sprue. 
c) Runner. 
d) Gates. 
e) Risers. 
f) Others (specify) 
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Mention types of gates usually used by your organization: 
Top gate – Bottom Gate – Parting line – Side gate- others (specify). 
 
* State the factors which control the selection of  a foundary furnace? 
a) Initial cost of the furnace. 
b) Fuel costs. 
c) Kind of metal or alloy to be melted. 
d) Melting and pouring temperature of the metal to be cast. 
e) Quantity of metal to be melted. 
f) Method of pouring desired. 
g) Cost of furnace repair and maintenance. 
h) Cost of  melting per unit weight of the metal. 
i) Chances of metal to absorb impurities during melting. 
j) Quality of the finished product required. 
Determine furnaces for melting:- 
 
   a) grey cast iron 
- Cupola – air furnace – reverberatory- rotary furnace – electric arc 
furnace – others (specify) . 
 
   b) For Melting Steel: 
a) Open hearth furnace – electric furnace: (Arc furnace – high 
frequency induction furnace.) 
b) Converter. 
c) Others (specify) 
 
   c) For non-ferrous metals 
    
a)Crucible furnaces (AL, CU) with all its type. 
a) Pit type. 
                       b)Tilting type. 
                       c) Bale-out type. 
         b)Electric resistance type (cu). 
    c)Pot furnaces. 
   d)Reverberatory furnace. 
    e)Rotary furnace (fuel fired-electrically heated). 
    f)Induction furnaces. 
    g)Electric arc furnaces. 
    h) Others (specify) 
* Specify melting losses in foundary alloys: 
 
  % Other (specify) % 
- Cast iron 4  
- Gun metal 2-4  
- Aluminum alloys 2  
- Copper alloys  3-4  
- Others (specify)   
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* Before pouring molten metal into the mould cavity what kind of 
refining process to be performed? 
a) Oxidation – deoxidation. 
b) Degassing – desulphurization. 
c) Inoculation (adding c, Al). 
d) Others  (specify) 
 
* Determine devices or instruments for  measuring temperature of 
melts: 
a) Thermocouple pyrometer. 
b) Optical pyrometer. 
c) Radiation pyrometer. 
d) Others (specify) 
      
 Mention the pouring equipment: 
a) Pouring ladles. 
b) Ladle handles (shanks), trolley, (mono) rails, cranes, hand wheels, 
tilting levers. 
c) Others (specify) 
 
State precautions  and procedure to be followed for pouring molten 
metal into moulds: 
a) Molten metal to be tapped into a holding ladle and distributed  to 
smaller ladles for pouring the metal into the moulds. 
b) Ladles shall not be cold or moist. To avoid serious explosions.  
Ladle  shall be heated to 1000cº before Pouring metal into it. 
c) Unpreheated ladles also cause the absorption of hydrogen by the 
molten metal (especially non-ferrous alloys). 
d) Slag and other impurities which collect on the molten metal should 
be removed or avoided from entering the mould.  This is achieved 
either by skimming off the slag,  by using a teapot or bottom pour 
ladle. 
e) During pouring, uninterrupted flow of metal should be maintained 
to avoid cold shuts and to prevent dross or slag from going into the 
mould. 
f) It should be checked earlier that the metal temperature is 
sufficiently high for pouring liquid metal easily and rapidly. 
g) Iron or steel ladles should be used for handling magnesium because 
the hot molten (Mg) metal reduces refractory oxides of 
conventional ladles. 
h) Aluminum should not be poured  with teapot ladle. (it leaves a skin 
of metal on the pouring spout). 
i) Molten steel should not be poured with lip pour ladle because the 
slag is too viscous to control easily. 
j) Others (specify) 
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* Specify shake out procedure. 
a) Dump the mould assembly upside down on a bench or ground. 
b) Break the sand around the casting. 
c) Castings can be separated from sand by mechanical shaker 
(Vibrating platform). 
d) Others (specify) 
 
    Describe the fettling procedure: 
a) Removal of cores from the casting. 
b) Removal of adhering sand and oxide scale from the casting surface. 
c) Removal of gates, risers, runners from the casting. 
d) Removal of fins and other unwanted projections from the castings. 
e) Others (specify) 
 
* How do your foundarymen remove cores from castings? 
   By:- 
a) Hammering & vibration. 
b) Poking using a metal rod. 
c) Pneumatic rapping. 
d) Hydroblasting. 
e) Others (specify) 
 
State the method of cleaning the castings surfaces produced in 
your foundary. 
a)  Hand methods: 
a) Wire brush. 
b) File. 
c) Pick. 
d) Crowbar. 
e) Others (specify ) 
 
 b)    Mechanical equipment method: 
a) Tumbling. 
b) Air blasting. 
c) Wheelabrator system. 
d) Hydroblasting. 
e) Chemical cleaning. 
f) Others (specify ) 
 
Describe methods used for removal of gates and risers from the 
castings: 
a) Chipping hammers. 
b) Flogging (knocking off). 
c) Shearing. 
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d) Sawing (Band saw – Hack saw – Circular saw). 
e) Abrasive wheel slitting. 
f) Machining. 
g) Flame cutting. 
h) Plasma cutting. 
i) Others (specify ) 
State the methods used for removal of fins and other unwanted 
projections from castings: 
a) Chipping. 
b) Sawing. 
c) Flame Cutting. 
d) Flame gouging and flame scarfing. 
e) Grinding. 
f) Abrasive belt machines. 
g) Rotary tools. 
h) Trimming and sizing. 
i) Other (specify)…… 
Gating system is always located as follows: 
a) Sprue, risers, runners, gates and vents are connected to the parting 
surface of one or both mould halves. 
b) Runner channels are inclined to minimize turbulence of the 
incoming metal. 
c) Runner should be at the thinnest section of the casting. 
d) Blind risers located above the sections are commonly considered . 
e) For better escape of the air present within the mould cavity vent 
channels  are used. 
f) Others (specify) 
* Mould cavity coating: 
a) Material used in coating the mould cavity is Calcium carbonate 
suspended in sodium silicate binder. 
b) Other (specify) 
Determine reasons for using mould cavity coating: 
a) Protect mould surfaces from erosion. 
b) Exercises insulating effect and thus helps obtaining progressive 
and directional solidification.  
c) Is  kept thin when chilling is needed and vice versa. 
d) Lubricating coating help removal of castings and cores from the 
mould (Graphite water paint). 
e) Others (specify) 
 
 
 
 
 
 
 
  162 
 
What kind of chills materials and methods your foundarymen 
always use to promote directional solidification: 
a) Brass. 
b) Copper. 
c) Aluminum. 
d) Water passages. 
e) Cooling fins. 
f) Others (specify) 
 
Determine the casting processes employed  in your foundary for 
producing casting products:-  
 
a) sand casting  
b) investment casting  
c) centrifugal casting  
d) die- casting  
e) others (specify)……... 
 
 
 
**************** 
